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754) Title: EXTENDED WEAR OPHTHALMIC LENS 

( 57) Abstract mwM ^ tA ^ Krfods of at least one day on the eye without i dirucally significant 

An ophthalmic lens is disclosed which * suited for ^^m^^Tlens ^ , balance of oxygen permeability and ion or water 
^ounfc/Srneal swelling and without ^^^aS^vid^gc^o^yt movement. PxTthT. good tear exchange occms 
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Sween the lens and the eye. A Ff^^SSfc icorc having oxygen transmission and k» nnsmiss.cn pathways 
inventioo encompasses extended . 
extending from the inner surface to the ccter surface. 
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EXTENDED WEAR OPHTHALMIC LENS 
BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION 

This invention relates broadly to lenses and polymeric materials useful in optic and 
ophthalmic arts. More specifically, this invention relates to polymeric materials and 
treatment processes useful in the manufacture of contact lenses. Still more specrficaily, th,s 
invention relates to contact lenses useful as extended-wear contact lenses. 

2. DESCRIPTION OF THE RELATED ART 

A wide variety of research has been conducted in the field of biocompatible polymers. The 
definition of the term -biocompatible- depends on the particular application for which the 
polymer is designed. In the field of ophthalmic lenses, and in particular in the field of 
contact lenses, a biocompatible lens may be generally defined as one which w,ll not 
substantially damage the surrounding ocular tissue and ocular fluid during the time penod of 
contact. The phrase "ophthalmically compatible" more appropriately descnbes the 
biocompatibility requirements of ophthalmic lenses. 

One ophthalmic compatibility requirement for contact lenses is that the lens must allow 
oxygen to reach the cornea in an amount whfch is sufficient for long-term cornea, health, 
^contact iens must altow oxygen from the surrounding * to reach the cornea ^because 
^rnea does not receive oxygen from the blood supply .iKe other tissue, f stfficen I 
^n does not reach ft. cornea, corneal swel.ing occurs. Expended peH— 
ZLon causes the undesirable growth of blood vessels ,n the cornea. Soft" contact 
en^rlform closely to the shape of the eye. so oxygen cannot easily ~^e 
ZZs, soft contact .enses must allow oxygen to diffuse through the lens to reach the 

cornea. 

lens trom in encourage tear flow between the lens and the eye. 

r : sr: - i -»• * — - * -* — or dead 
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pitheiial cells, to be swept from beneath the lens and. ultimately, out of the tear fluid. 
Thus, a contact lens must not adhere to the eye so strongly that adequate movement of the 
lens on the eye is inhibited. 

While there exist rigid gas permeable ("RGP") contact lenses which have high oxygen 
permeability and which move on the eye. RGP lenses are typically quite uncomfortable for 
the consumer. Thus, soft contact lenses are preferred by many consumers because of 
comfort. Moreover, a contact lens which may be continuously worn for a period of a day or 
more (including wear during periods of sleeping) requires comfort levels which exclude RGP 
lenses as popular extended-wear candidates. 

In order to balance the ophthalmic compatibility and consumer comfort requirements in 
designing a daily wear soft contact lens, polymers and copolymers of 2-hydroxyethyl 
methacryiate (HEMA) were developed. These hydrophilic polymers move well on the eye 
and provide sufficient oxygen permeability for dairy wear. Certain soft contact lenses have 
been approved by the FDA for extended wear periods of up to about 6 nights of overnight 
wear and seven days of daily wear. However, the consumer cannot safely and comfortably 
wear these poly (HEMA) lenses for extended periods of seven days or more, because the - 
oxygen permeability is insufficient. True extended wear (i.e.. seven days or more) of these 
lenses may result, at a minimum, in corneal swelling and development of surface blood 
vessels in the cornea. 

In order to improve oxygen permeability, polymers containing silicone groups were 
developed. A variety of silo«an<«ontainin g powers have been disdosed as 
oxygen permeability. For example, see U.S. Patent Nos. 3.228,741 ; 3.341 .490: 3.996,1 87. 
and3 996189. However, polysiloxanes are typically highly lipophilic. The propert.es (e.g.. 
licophilicity glass transition temperature, mechanical properties) ot known polys,loxanes 
nasTesulted in contact .enses which adhere to the eye. inhibiting the necessary lens 
movement, .n addition, polysiloxane lipcphiliclty promotes adhesion to the lens of l,p,ds and 
proteins in the tear fluid, causing a haze which interferes with vision through the lens. 

There have been attempts to blend the desirable hydrophilic properties of hydrophilic 
powers, formed from monomers such as HEM* with me ft**, 
wlymers formed from siloxane^ntaining monomers. For example, see U.S. Paten. Nos. 
3 808 178- 4 136.250: and 5.070.169. However, prior attempts at producing a true 
e^ded wear contact .ens have been unsuccessful, either because o, the effect of the 
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axtended-wear lens on corneal health or because the lens would not move on the eye. 
Thus there remains a need for an ophtha.micaNy compatible, transparent polymenc 
^tlrial which is suned to extended periods of continuous contact w*h ocular ussue and 

tear fluid. 



OBJECTS AND SUMMARY OF THE INVENTION 



u-«* m th*. invantion is to provide a material having a balance of oxygen permeability. 
iSXCT— - - exchange. « of -eh - - — . 

health and wearer comfort during extended periods of continuous wear. 

Another object of the .nventjon is to provide an ophthalmic lens capable of 

^nunus wear periods of at least 24 hours without substantial adverse .mpact on ocular 
^ZZZ comfort, and more prefer*,,' to provide a lens capao,e o, cor *nuous 
UTrt 4 to 30 days or more wittou. substantia, adverse Impact on ocular health or 



consumer comfort 



A further object of the invendon is to provide an ophthalmic lens capaHe of extended 
ruouswear^od^ 

Ye. another object of *e invenbon Is to provide memods of forming an extended-wear 



ophthalmic tens. 



« a further object o, the Invent U to pro.de methods o, testing and CassKying 
ophthalmic lenses as candidates for true extended-wear. . 

TO ese and olher objec* of the invent are me, by me various embedments described 



herein. 



. », Mention Is an ophthalmic lens, suited to extended periods of wear 
One embodiment o.^ ^ «— - ~ ™> ' T" 

in continuous, rtmate contad g00d Mrnea , health, 
of oxygen pe-eabil.ty and ****** * ■ du extended wear 
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~™ nolvmenzablo material which is capable of polymerizing to form a polymer 
"Ca h^Xn ^eabilrry: and (b, a, leas, one ionoperm polymery materia, 

T ^ilTJZes a core polymeric materia, and oph«ha,mica,,y compare 
"n a X-tbodimen^e surface , more hydremic end Upophobic .an 

the core polymeric material. 

K~H, m »n, of the invention Is a method ol forming an ophthalmic lens having high 

oxygen P««»"*« ^ „ oute , surface, such that a. least on. pathway 

rjEE7-" ,o, oxygen .ansport are present from meinnerto 

^uteTsXce. in a preferred embodiment, me memod indudes treating the surface of 
,he lens to render the surface more hydrophilic than the core. 

u.^„.„, „f th« invention is an ophthalmic lens comprising a polymeric material 

whKh has a hgn oxyg pe ^erizable material including (a) at least one 

-T 1- ^ ^7ST»Cm The lens displays a balance of 

S£2l : on fhetye and wearer comfort during extended wear 



period! 



Yet ^ embodiment o, me — - a ^« . 

as an extended wear lens, i ne meu 

. -i it* aimwina the tens to remain in intimate contact win mo «w 
environment and (b) ^ substanUa , adyers e impact on cornea, 

environment for a pen« > «* a addiSonal steps 0 , ,c) removing the 
heam, or wearer ^^"^ Mng the iens; (e, appiying the lens to me 
*. from me ocular ? ema in in Wm a.e contact with me ocular 

oe*, environment, and ffi a owing m ^ ^ me 

mi ronment for a penod of at leas. J add advefse 
lens is worn for a continous penod of at least seven oays 



,mpact on corneal health or wearer comfort. 
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OUTLINE OF DESCRIPTION OF THE PREFERRED EMBODIMENTS 

I. DEFINITION OF TERMS ' ■ -■ 

II. CORE POLYMER AND LENS 

A. Oxyperm polymerizable materials 

B. lonoperm polymerizable materials 

C. Weight ratio of oxyperm to. ionoperm polymerizable materials 

D. Morphology 

E. Bulk Water Content 

F. Ion and Water Permeability 

1 . lonoflux Ion Permeability Measurements 

2. lonoton Ion Permeability Measurements 

3. Hydrodell Water Permeability Measurements 

G. Oxygen Permeability and Transmissibility 

H. Mechanical On-eye Movement Parameters 

1 . Tensile Modulus and Short Relaxation Time 

2. Tangent Detta 

3. Parameter Combinations 

I. Examples of suitable materials 

1. Material "A" 

2. Material^" 

3. Material "C" 

4. Material TT 

i 

III. OPHTHALMICALLY COMPATIBLE SURFACES 

IV. UTILITY 

A. Ophthalmic lenses 

B. Contact lenses 

V. METHODS OF USE AS EXTENDED-WEAR LENSES 

VI. METHODS OF MANUFACTURE OF LENSES 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

One embodiment o. me present invention is an ophthalmically compare, transient ,ens 
winded periods of continuous contact with ocular tissue and tear fluids. A 
ITore^embodimen. of the invention is an extended-wea, vision correct 
"TZ Z and comfortable long term wear without removal. In order .0 property 
rc^— and to delineate me mates and bounds o, me claims, a set o, basic 

terms will.be defined at the outset. 




» ■ hthalmic lens" as used herein, refers to lenses which are placed in intimate contact 

ear fluid, such as conUc, lenses for *ion correction (e.g.. sphencal. tone, 
r£T„ enses for modiflcaUon of eye color. opMhalmic drug delivery devtces 

^le plecuve devices ,e. g .. ophthalmic healing promoting ,e„ses). and the „ke. A 
^cula'y preferred ophthalmic ,ens is an extended-wea, contact lens, espeaafly 
exlended-wear contact lenses for vision correcton. 

■ =h. material which is capable of polymerizing to form a polymer having a high 
A W^ b '^ , \™ her6in P ; fers l0 _rs. oligomers, macros, and me 
oxygen ^'^^ "capable o, polymeria wtt, like or unlike 
like . and m^ures ^ r ^ , isplays . „ high rate of oxygen 

p^ersable ma.enals to MM W» ^ ^ , 0 

■ 



'oxyperm 



, «,.»,.» being measured and -barrer- is defined as: 
0 , mm] ove r me area n - ^ / ^ ^ 

JL- Dk of a lens material does not depend on lens th.ckness. 
The -oxygen permeab,^ Dk. of ate ^ Q)<ygen 

Oxygen permeability ^j£2Z* „, harrers. where -barrer" * deflned as: 
^eabiiity is ****** ^ m m „ 10 ... 
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These are the units commonly used in the art. Thus, in order to be consistent with the use 
in the art the unit "barrer" will have the meanings as defined above. For example, a lens 
Having a Dk of 90 barrers foxygen permeability barrel) and a thickness of 90 microns 
(0.090 mm) would have a DKA of 100 barrers/mm ("oxygen transmissibility barrers /mm). 

A -polymerizable material which is capable ol polymerizing to form a polymer hav,ng a high 
ion ^ability", as used here*, refers to monomers, oligomers, macromers and the ke, 
^mixtures hereof, which are capable of polymerizing wim like or unlike polymenzable 
Aerials to form a polymer whk* display* a relatively high rate of ion or water permeahon 
nCgh. For convenience o, referee, these materia* wil, be referred to herein as 
ZZZlo^ne^e materials" and me resuttan. powers w1» be referred to herem as 

•ionoperm polymers". 

A -macromer-. as used herein, refers to a polymerizable materia, which has a molecular 
weight of at least about 800 grams/mol. The term -macromer-. as used here.n. a.so 
encompasses oligomers. 

A -monomer-, as used herein refers to a polymerize material which has a molecular 
weight of less than about 800 grams/mol. 

a -nhase- as used herein, refers to a region of substantially uniform composition which is a 
^Zl, separate portion of a heterogeneous polymeric materia,. However, 
distinct and pnysicany ^.-.-h-i 5 «. a chemically Pure substance, 

the term -phase" does not imply that the matena! desenbed is a cherry p 
Z Zeiv lhat certain bulk properties drffer significant* from the properties of another 
^rr— Z. wnh respect to me po^meric components of , ien.an 
phase wttn.n in essentially only ionoperm polymer (and 

'ZZZ ^j: *- - '0 a composed o, essen«y 
only oxyperm polymer. 

h«*- «s used herein.refers to a region of substantially uniform 

surface of an article. 
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an ophthalmic lens having co-continuous phases of oxyperm polymer and ionoperm 
Lymer will have two continuous pathways or sets of continuous pathways extend.ng from 
t h e inner surface of the lens to the outer surface of the lens. 

used herein, refers to the structure and relationship of the phases of a 



•Morphology" .as 
material- 



■Oohthalmically compatible", as used herein, refers to a materiel or surface of a 

^out significantly damaging the ocular environment and without significant user 
^Lort Thus an ophthalmically compatible contact lens will not produce s,gnrfican. 

exchange win not have substantia, amounts of lipid adsorption, and will not cause 
substantial wearer discomfort during the prescribed period of wear. 

-ocular environment", as used herein, refers to ocular fluids (e.g., tear fluid) and ocular 
t^ me —> whfch may come into intimafe confcc. w«h a contains used * 
Son co^on. drug delivery, wound heading, eye color modtfca*, or other ophthalmic 

applications. 

-Hydropic", as used herein, describes a materia, or portion thereof which wil, more readily 
associate with water than with lipids. 

SSEE ZZZZZ* a core mater* ha.ng a ce^in hydroph«y 
suno^ a, .as, in par,, by a surface which is more hydrophiiic ..an me core. 

.w of a lens as used herein, refers to the surface of the lens which faces 

™ " 0U,er 1 durin weaT outer surface, which is typically W b M convex, 
away from the eye ' of mlens . ne - inne r surface" of a lens, as used 

may a.so be « - e ^^ e r;.ch faces towarts the eye during wear. The inner 



of the lens. 
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-TRIS- as used herein, refers to 3-methacryioxypropyttris(trimethylsiloxy) silane. which is 
represented by CAS No. 1 7096-07-0. The term TRIS" also includes dimers of 3- 
rnetnacryibxypropyttris(trirnethylsiloxy) silane. 

-Molecular weight" of a polymeric material (including monomeric or macromeric materials), 
as used herein, refers to the number-average molecular weight unless otherwise specrfically 
noted or unless testing conditions indicate otherwise. 

* 

A. nvypgrm Pft'vmcrtaab ie Materials 

Oxyperm polymerizable materials include a wide range of materials which may be 
polymerized to form a polymer displaying a relatively high oxygen diffusion rate ^ 
therethrough. In addition, these materials must be relatively ophthalmically compare. 
These oxyperm polymerizable materials include, without limitation thereto, srfoxane- 
containing macromers and monomers, fluorine-containing macromers and monomers, and 
carbon-carbon triple bond-containing macromers and monomers. The oxyperm macromer 
or monomer may also contain hydrophilic groups. 

Preferred oxyperm polymers axe those formed from a staane^ntaMng macromer 
Macromers having dlalkyl siloxane groups, especially dimethyl siloxanes. are partrcularly 
□referred These macromers are broadly referred to as poWdimethyt siloxanes) (also. 
£m'-n» *xa,e*ontalning macromer n*y also indude hydropr* groups. Examp.es 
o, suLe si.oxane«on«aining macromers indude. wHhou. limitation Mc, ft. Matenals 
A, B. C. and O as described herein. 

The oxygen trar*missibi«ty <PNQ of the lens is preferably at leas. 70 ^°"°' e 
Z^bW at least 75 barrers/mm, and most preferably at least 87 barrers/mm. The lens 
Tth^ sTu typically more than about 30 microns, preferably about 30 to about 200 

i - - » — 150 mterons ' ~ mo,e pre,erab * 

about 120 microns, and most preferably about 60 to about 100 m,crons. 

-~thim» nf the extended-wear lens from the outer surface to the inner 
The oxygen ' ~ ^ swe „ ing durtng toe parted of 

T"^ ~mea swetls appro,ma.ely 3* to * during overnight 

1 o,Xp 1 Tey«s are closed, as a ,esu» of oxygen depr^on. „ ,s a,so 
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of about 8 hours (overnight wear) causes corneal swelling of about 11%. However, 
^endlw ear contact .ens will produce, after wear of about 24 hours, ,nc ud,ng 
3 C eep XI cornea, sweHing of .ess than about 8*. more preferably teas than 

n rT % and most prefer less than about 4%. A preferred extended-wear conttc. 
about 6%. and most p y ^ ^ ^ 

swetnng of *ss than ded . wear , ens mu st have oxyperm polymer m an 

T oiC r*r. s2L„, to yield the above proves refcting * cornea, 

e^ed-wear ,ens has a — phase o, oxyperm po*mer 
xtendfng from .he outer surface to the Inner surface of the lens. 

B . -^ p.rm Polv — ri " h '» Materials 

. , i ,^\ C inHnde a wide range of materials which may be 

^ STSZZ^ S5 - d-«us,on rate trough. In 

pofymenzed to form potym P * Bble . ^e ionoperm 

po^nenzable materials inc. , meth acrvlamlde. and dimethylacrylarr 



5UCh as «^ — , ^ phones such as N-vinyl,- 

S1SSST-: m - ionoperm mate* are «,osed in 

Hy .. M . _« Ufltftrials A-D. descnbed below, 

the specific embodiments of Matenais 



C. y/»»nht Ratios 



» ■ r^rm nolvmerizable materials may vary substantially. 

Tbe ra .'»s o. ^ , noperm^ F»N™ ^ ^ for „. 

depending me £c« t*n-o . «W£ ^ ^ ^ „ 

chosen end-use of the molded polym ^ ^ ^ „ t0 

to .nopen. mate^ 0 = ^ ^ ^ ^ ^ ^ ^ 

^ 6 h° 7 ^use percanuges are more conveniently *ed in lens 
be defined because lenses having sub stanMy only 

fabrication. Preterab*. » about «, to about 85 weigh, percent oxyperm 

ionoperm and oxyperm matenais - ^ ^ 

po.ymerizable materia, and m , ota . polymerize material weight. 

rna.eHa. in me P'°P°'^~^ e „ contain about 70 to about 82 weigh, 
More preferably, the prepolymenzatron m,«u 
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en , — polymeria materia, and abou, ,8 ,o about 30 weigh, P-en, ionoperm 

, .^onal oolvmerfcable materials may be included in the mixture prior to 
A wide variety of addfonal polyrnen flimet hacrylate (EGOMA). 

portion. ^'^^ n IJL strength. Antimicrobial 
may „e added to improve *»»«£T^ aromoniuro) ^ may be added to inhibit 
po^erizable tonope rm monomers or macomers 

m ,crobial "nmeleri, — ^ ^ ^ 

and oxyperm polymer^ble materials ^n y advantageou5 poiymerizable 

: - * - ,o imp,ovo * e 



modulus of elasticity. 



• mixture will include (a) about 30 to 60 weight percent 
A preferred P«P°^°" ^ 40 w ight per en, fcnoperm po^K^bie materia,. 
oxy perm macromer. (b) about 20 to *0 we g j» ^ 



mixture weight 



, me nreootymerization mixture includes less than about 5 we,ghl 
,„ a preferred embcd,men «-W-y™ 0 „ mbaure ^ght. More 

percent ooss-linking agent, based on the o P ^ aoss . 

prefer. the P^-^' ^ ^^Lre weight Even more pref era* 
.inking agent, based on the total W*™^ >gent ln , partJoularly 

agent 

, .c fr,r oxvuerm polymerizable materials, ionoperm 
me previous* described rang** » ^ ^ t0 ^ comprehend 

po^menzable materials. J*™^, ^ me speclflc weight or voiume percentages 
M invenlion. However. « should b. «* ^ ^rs t0 

of oxyperm and ^^^S^ fens. More important* 
consider in preparing a good °«™^ ™ " movemenl and sufficient oxygen 

— •sr«==^- 
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one retirement of .he lens material is that the lens allow a high visible light «■""""" 
°Z Z outer to inner surface of the lens. A lens morphology which includes large phase 
Z - - ^uce visible ,igh, transmission and cause subs^ undesirable 
separatee g moving the value of the lens as a vision correction device. 

r^r^tr^ — - - — «. >~ 

^ m. visible light -d does no, produce any signrtan, undes,rab,e 



image distortion- 



,„ one oreferred embodiment, the lens material has at least two phases: the phases 

h,X atTeas. one oxyperm phase and a. leas, one ionoperm phase. While mere may 
"I"-es. ^believed that mere may be a transit pha^e orinterphase. ,n 
^Tme mate! composibon and th. materia, proper^ are a blend o, mose of me 
„ and anoperm materials. Thus, mere may exist a ditfinc, oxypem, phase or 

TTiToTdistinct oxyperm phases, a d^tinct ionoperm phase or a pluralrty o, dsttnct 
p urabty of d^nc, oxype J*- ^ ^ of tonoperm 

^ Wet : eXfrnen, me glass trans»on temperature (Tg, of me oxyperm 
phase is less man about -1 1 5- Celsius (minus 1 1 5 degrees Cels,us). 

•,»„«, of separate oxyperm and ionoperm phases,' rather man a complete blend of 
•n,e exrstence of separat i«« advantageous in promoting me drffuson 

oxyperm ^^^Tp^ina^y through me oxyperm po*mer. whl,e 
of ^en ««. < ^ „ 01(yoen drtfusion . sir-la*. I— 

ft. Tl^«rm 4>ymer. bu, me oxyperm polymer proves a higher 

orrfuse well WM» ^mogeneous oxyperm/ionoperm phase will provide 

stance ,o ion «~ ^ i n diftusion, while two separate oxyperm and 

testable ~J^S£» pamways for transmission o, both oxygen and 

ionoperm ^^"^^ed-wearTens has a pamway or series of pamways 
to ns or water. Thus, the ,dea « n<ed ^ and an 

^ Tn^nl ~ o, pathways for —ion of water or ions 
analogous confnuous pathway o continuous 

~^:£5Z£2 ionoperm phase. a, to .ng for permeation 

ZlZ« front and base curves o, the ,ens. 
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E. Pniw Water Content 

* 

The measurement of water content is difficult because the removal of adhered surface 
droplets, without affecting the bulk lens water content, is difficult. In addition, water may 
evaporate from the lens surface quickly, thereby lowering the water content from the 
equilibrium level. Accordingly, a discussion of the bulk water content of a lens warrants a 
discussion of the measurement technique used to determine the water content 

Th preferred bulk water content of the hydrated lens will be a function of the lens material 
properties. The material properties axe dependent on the prepolymerization macrbmers and 
monomers and polymerization conditions. Thus, the preferred water content for a lens 
including a fluorine-containing oxyperm material may be different from that of a lens 
including a siloxane-containing oxyperm material. Accordingly, while general ranges for 
bulk water content are offered for a better understanding of the invention, the invention is 
not generally limited to specific bulk water contents. 

One method of measuring the water content of a lens formed in accordance with the 
present invention, referred to herein as the " Bulk Technique*, is as follows. First the lens is 
thoroughly hydrated in a physiological saline solution, such that the water in the lens is in • 
equilibrium with the surrounding water. Next the lens is gently blotted between two lint-free 
blotting cloths to remove surface moisture. The lens is quickly placed on an aluminum 
weighing pan and the first wet weight. W„ is measured. Next, the aluminum pan with lens 
is placed in a oven at 36°C for a period of at least 24 hours. After heat treating, the pan 
with lens is removed, placed in a desiccator, and allowed to cool to room temperature 
(about 22'C). The pan with lens is weighed again to determine the dry weight, W d . The 
tens is re-equilibrated in physiological saline solution and a second wet weight W 2 is 
determined thereon. The wet weights (W, and are averaged to yield an average wet 
weight. W„. The bulk water content is determined by the following equation: 

* 

Percent water content^ (W„ - W<) / W„ x 1 00 

* 

A preferred lens bulk water content, determined by the - Bulk Technique', is less than about 
32 weight percent. More preferably, the lens has a water content of about 10 to 30 weight 
percent, based on the total lens weight. A particularly preferred lens water content is about 
1 5 to about 25 weight percent. 
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p inn and Water Permeability 

Unexpectedly, it has been determined that the ion permeability through the lens correlates 
well with on-eye movement. As discussed earlier, it is known that on-eye movement of the 
lens is required to ensure good tear exchange, and ultimately, to ensure good corneal 
health. While the invention is not bound by theory presented herein, it may be useful to 
discuss some theory for a better understanding of ways to practice the invention. 

tt is theorized that water permeability is an exceptionally important feature for an extended- 
wear lens which includes oxyperm polymers such as those disclosed herein. Siloxane- . 
containing oxyperm materials tend to adhere strongly to the eye, thereby stopping on-eye 
movement. The ability to pass water through the lens is believed to allow a siloxane- 
containing polymeric lens to move on the eye, where the movement occurs via forces 
exerted by water being squeezed out of the lens. The water permeability of the lens is also 
believed important in replenishing lens water content once pressure is removed. Further, 
the permeability of ions is believed to be directly proportional to the permeability of water. 
Thus, ion permeability is a predictor of on-eye movement 

However, regardless of whether the water permeability theory is a correct understanding of 
the actual on-eye movement phenomenon, it has been unexpectedly found that above a 
certain threshhold of ion permeability through a lens, from the inner surface of the lens to 
the outer or vice versa, the lens will move on the eye. and below the threshhold the lens 
will adhere to the eye. Thus, the present innovative extended-wear contact lenses provide 
a balance between the relatively high oxygen permeability (and associated high bind.ng 
capacity) of oxyperm materials with the low binding capacity (high on-eye movement) of 
ionoperm materials. It is believed that this is accomplished by providing a plurality of 
continuous ion transmission pathways for ion and water movement through the lens. 

tt should be noted that ions may move through the lens via these ion pathways by a number 
of means. For example, ions may diffuse through the lens because of concentrate 
differences from one surface to another. Ions may also be forced through the ion pathways 
by the mechanical action of blinking, with the concomfttent compression forces on the lens 
essentially squeezing water out of the- lens. In addition, the charge nature of the surfaces 
may provide an electromotive force which drives ion permeation through the lens. At tames. 
2 of these driving forces may be larger than the others, whi.e at other times the re.at.ve 
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magnitude may reverse. This discussion is presented to clarify that the invention is not 
restricted by the method or driving force by which ions move through the lens. 

Neither the measurement of water permeability nor ion permeability through an ophthalmic 
, e ns is considered a routine matter of testing in the industry. Accordingly, a discuss.on of 
the preferred ion or water permeability ranges warrants a discussion of the measurement 
techniques used to determine the permeability. 

The water permeability of a lens may be determined from the rate of water permeation 
through the lens, from one surface to another surface. The water permeability of a lens 
.n-v be determined by positioning a lens between two reservoirs holding solutions havmg 
£L and different, initial concentrations of radiolabeled water (e.g.. Inflated water), and 
IZeasunng concentrate of radiolabeled water in the 'receiving- resent (the reservo, 
towards which the net flow of radiolabeled water is posMve) as a function of flme. 

The relative ion permeability of a lens may be determined from the rate of ion permeation 
£1 gh the lens, from one surface to anofcer surface. The rate o, ion permeation jnay be 
determined by posting a lens between t*o 

*nd different initial ion concentrations, and then measunng conducts ,n the recewig 
^e"e reservoir towards which me ne, flow of tons » posiflve, as a fcncflon o, tn* 
IZU c, ions, such as sodium, can be measured accurately using a pH meter 
^ a, ion-selecflve e.ecBode. Ions are believed to be transmuted through a ien^fr m 
ZZ, outer surfaces and vice versa, pnmanly by the diffusion of ions through water 
'Z^^ lens, .on permeabiiKy through a ,ens * believed to be direcfly proposal 
to water permeability through a lens. 

1 i Hi iv Mr at r arnan * Technique M * ' 

^ZZ determining me ion permed o, a .en, This technique may be used to 
determine the likelihood of adequate on-eye movement. 

t t ■„, ..- involves the use of a conductometer (LF 2000/C. catalog no. 
The -lonoflux Techn,que «*» » « m e|eclrode 



(WTW), 

D.WTW), 



deionized water, a stir bar and a thermostat. 
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The donor chamber is specially designed for sealing a contact lens thereto, so that the 
donor solution does not pass around the lens (i.e.. ions may only pass through the lens). 
The donor chamber is composed of a glass tube which is threaded at the end which is 
immersed in the receiving solution. The glass tube includes a centrally located hole of 
about 9 mm in diameter. A lid. which is threaded to mate with the glass tube, holds a lens- 
retaining member which includes a centrally located hole of about 8 mm in diameter. The 
,ens-retaining member includes a male portion adapted to mate with and seal the edges of 
the inner (concave) surface of a tens and a female portion adapted to mate with and seal 
th edges of the outer (convex) surface of a lens. 

The lens to be measured is placed in the lens-retaining member, between the male and 
female portions. The male and female portions include flexible sealing rings which are 
positioned between the lens and the respective male or female portion. After positioning 
the lens in the lens-retaining member, the lens-retaining member is placed in the threaded 
lid The lid is screwed onto the glass tube to define the donor chamber. The donor 
chamber is-filled with 1 6 ml of 0.1 molar NaCI solution. The receiving chamber is filled with 
60 ml of deionized water. The leads of the conductivity meter are immersed in the 
deionized water of the receiving chamber and a stir bar is added to the receiving chamber. 
Th receiving chamber is placed in a thermostat and the temperature is heJd at about 35 C. 
Finally, the donor chamber is immersed in the receiving chamber. 

Measurements of conductivity are taken every 20 minutes for about three hours, starting 1 0 
minutes afterimmersion of the donor chamber into the receiving chamber. The lonoflux 
Diffusion Coefficient, D. is determined by applying Pick's law as follows: 

D = - n7 (A x dc/dx) 
wner e n" = rate of ion transport (mol/min] 

A = area of lens exposed [mvcc] 

D = lonoflux Diffusion Coefficient[mm 2 /min] 

dc = concentration difference (mol/L] 

dx = thickness of lens [mm] 

An .onoftux Diffusion Coefficient of greater than about 6.4 x 10- mm'/min b preferred for 
~n g lent on-eye movement. More prefer*, the .onofux Dtfusion Coeffic.en, - 
%Z L about « x W mm'/min, most preferable 
LfMen, is 9 reate, than about 1.5 x ,0< mmVmi, K must be emphasaed mat .he 
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lonofiux Diffusion Coefficient correlates with ion permeability through the lens, and thereby 
is a predictor of on-eye movement. 

2. lonoton Measurement Technique 

The following technique, referred to herein as the "lonoton Technique", is another preferred 
method for determining the relative ion permeability of a lens. The technique is based on 
measurement of the diffusion of sodium chloride through a lens. 

* 

The 'lonoton Technique" involves the use of a pH meter (Beckman, VWR catalog no. 
BK123142), a VSC-1 Diffusion Cell Drive Console (Crown-Bio, Somerville, NJ), a DCB- 
1O0B Diffusion Cell (Crown-Bio), and a 6 cm sodium ion-specific electrode (Microelec- 
tronics, Londonderry, NH, catalog no. MI-414P). The technique is not limited to the 
aforementioned instruments or materials; equivalent instruments or materials may be used. 

• 

First, a contact lens is mounted onto an orifice of the DCB-100B cell chamber, the donor 
chamber. Next, the connecting cell chamber (receptor chamber) is placed against the cell 
chamber containing the contact lens and tightly clamped on the clamp holder supplied with 
the VSC-1 Drive Console. Then, a phosphate-buffered saline (PBS, Mediatech catalog no. 
21-031 -LV) is placed into the receptor side of the cell chamber. Stir bars are added to each 
cell chamber. The 6 cm electrode is placed into the PBS saline receptor side. After the 
electrode has equilibrated in the PBS saline, the pH meter is placed in the mV function to 
establish the 0 mV point PBS which has been saturated with sodium chloride is added to 
the donor chamber. 

The millivolt signal is recorded at 5, 10, 15, 30, 60, 120, and 180 minute intervals. The 
millivolt signal is converted to a sodium ion concentration by a standard curve of sodium ion 
concentration vs. millivolt signal. The lonoton Ion Permeability Coefficient. P. is then 
determined in accordance with the following equation: 

ln(1 -2C(t)/C(0)) = -2APt/Vd 

where: C(t) = concentration of sodium ions at time t in the receiving cell 

C(0) = initial concentration of sodium ions in donor cell 
A = membrane are.a, i.e., lens area exposed to cells 
V= volume of cell compartment (3.0 ml) 
d = average lens thickness in the area exposed 
P s permeability coefficient 
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The average thickness of the lens in the exposed test area may be determined by 
averaging a number of readings, e.g.. 10 readings, with a low-pressure thickness- 
measuring instrument, such as a Mitotoya micrometer VL-50. or equivalents thereof. The 
lonoton Ion Permeability Coefficient. P. having units of cm 2 /second. may be determined 
from the slope of a plot of time (t) v. In( 1 - 2C(t)/C(0) ) x (-2At / Vd). 

An lonoton Ion Permeability Coefficient. P. of greater than about 0.2 x 10* cm'/sec is 
preferred, while greater than about 0.3 x 10"* cm 2 /sec is more. preferred and greater than 
about 0.4 x 10" 6 cm 2 /sec is most preferred. It must be emphasized that the lonoton Ion - 
Permeability Coefficient correlates with ion permeability through the lens, and thereby is a 
predictor of on-eye movement. 

3 Hyrirndell Water Permea hility Technique 

The following technique, referred to herein as the •Hydrodell Technique", is a preferred 
method for determining the water permeability of a lens. This technique may be used to 
determine 'the likelihood of adequate on-eye movement w 

The Hydrodell Technique involves the measurement of the rate of transfer of the 
radiolabeled solutes THO r>HO or tritiated water) and "C-glucose across the contact lens 
using a two-chamber apparatus. "C-glucose is used in this measurement technique to 
reveal any teak in the system during testing. The lens is mounted between chambers, 
which are stirred at a controllable rate. Chamber I contains a solution with a high 
concentralibn of labeled solute. Chamber II. the 'receiving chamber", contains an identical 
solution but without the labeled solute. Samples of the solution in chambers I and II are 
taken at intervals over the test period. The radioactivity in the samples is measured. The 
permeability of the lens is calculated from the measured radioactivity, the sample tunes the 
chamber volumes and the lens area exposed to the solutions. A more detailed descnption 
of the Hydrodell Technique follows. 

a S olution Preparation ,. 
Oui^s phosphate beared saline (DPBS, is prepared by M 
about 160 g sodium chloride (NaCI). about 4 grams potassium chlonde (KCI). about 23 
grams disodium hydrogen orthophospha.e (NfcHPCM. aboui 4 grams pomssium 
dihvdrooen orthophosphale (KH.POJ. and about 1 0 grams sod,um az,de m a Iter ot 
^srnos* iMiiiiO, water. The, the pH is adiusted to about 7.3 by adding approve 
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amounts of HCI. Finally, the buffer solution is diluted to 1 :20 (50 ml buffer solution with 950 
ml reverse-osmosis water) and allowed to degas either in a screw-capped container 
overnight or under vacuum. 

A Cold Glucose buffer solution .is prepared by adding about 0.1 grams D-glucoseto one liter 
of DPBS, followed by sterilization via filtration through a 0.2 fjl millipore filter and storage at 
4°C until use. 

The Chamber I solution is prepared by adding about 6 /il THO (TR53. 1.0 mCi/rnl activity, 
available from Amersham Australia, located in North Ryde NSW Australia) and about 16 ^l 
14 C-glucose On ethanol. available from Amersham Australia) to about 12 ml of the Cold 
Glucose buffer solution. Preferably, this solution is used within about 24 hours of 
preparation. The Chamber II solution is DPBS. 

b. Apparatus Preparation 

The chambers have a volume sufficient to hold about 12 ml of solution during testing. 
While the exact shape of the chambers is not critical, both chambers have rectangular 
cross-sections for ease of construction. The chambers may be made from a variety of 
water-proof rigid materials, preferably dear (e.g.. acrylic plates. FX Plastics. Marrickville 
NSW Australia) so that samples may be observed during testing. Each chamber has a 
circular aperture of about 7 mm diameter appropriate for mounting a lens between the 
chambers for contact with solutions held within the chambers. Some affixing means, such 
as a set of mounting bolts, are necessary to securely affix one chamber to the other with 
the lens mounted in between. 

A test contact lens is mounted symmetrically over the aperture of Chamber II. Folds and 
wrinkles are manually removed from the lens. Chamber I is positioned adjacent the 
aperture and mounted lens of Chamber II. and the chambers are secured to one another 
using mounting bote. 

About 12 ml (Vj) of DPBS is placed in Chamber II. About 1 2 ml of the Chamber I labeled 
solution is placed in Chamber .. a. which poinl time U0 is established. Strrers are added to 
both chambers and the stirrer speed is set at about 1200 rpm. 
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c. Sampling 

Sampling generally starts at time to = 5 minutes. The final sample time, t. is usually at 
about 50 minutes for high water content lenses and about 120 minutes for low water 
content lenses, although these times are not critical. 

At time to = 5 minutes, two samples of about 0.2 ml volume are pipetted from Chamber I, 
and two 0.2 mi aliquots of DPBS are added to Chamber I to restore the volume. These 
samples are placed into plastic counting tubes with about 4 ml Ultima Gold™ cocktail, 
(available from Packard Instrument Co., Meriden, Connecticut) and about 0.9 ml DPBS. 

i 

Also at time to, one sample of about 1 .0 ml volume is pipetted from Chamber II and one 1 .0 
ml aliquot of DPBS is added to Chamber II to restore the volume. The sample is placed into 
a plastic counting tube with about 4 ml Ultima Gold™ cocktail. 

At intermediate times between to and t, (e.g., every 10 minutes), one sample of about 1.0 ml 
volume is pipetted from Chamber II and one 1.0 ml aliquot of DPBS is added to Chamber II 
to restore the volume. Each sample is placed into a plastic counting tube with about 4 ml 
Ultima Gold™ cocktail. 

. • 

At time t,, two samples of about 0.2 ml volume are pipetted from Chamber I. These 
samples are placed into plastic counting tubes with about 4 ml Ultima Gold™ cocktail and 
about 0.9 ml DPBS. 

Also at time t,. -two samples of about 1 .0 ml volume are pipetted from Chamber II. These 
samples are placed into plastic counting tubes with about 4 ml Ultima Gold™ cocktail/ 

d. Measurements 

The activity of the samples are measured by liquid scintillation counting, or other 
appropriate technique. Liquid scintillation counting may be advantageously accomplished 
by using protocol number 6 for W'C on a Tn-Carb Uquid Scintillation Analyzer (1900TR. 
available from Packard Instrument Co.). 

Three standards containing about 10 4 to 10 s cpm THO in reversed-osmosis (MilliQ) water 
are prepared. Three standards containing about 10 4 to 10 s cpm ,4 C glucose in reversed- 
osmosis (MilliQ) water are also prepared. A blank containing MilliQ water is prepared. 
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The scintillation analyzer settings are LUk = 0 KeV and ULA = 12 KeV for 3 H min channel 
1 and LLB = 12 KeV and ULB = 1 56 KeV for 14 C f 2") in channel 2. The standards and 
blank are counted three times during each counting of samples, and the counts are 
averaged. The following denote the relevant measured sample activities: 
bi _ measured activity of blank sample in channel 1 
fc>2 = measured activity of blank sample in channel 2 
S'n = measured activity of standard 3 H sample in channel 1 
S'i2 = measured activity of standard 14 C sample in channel 2 
S'2i = measured activity of standard 3 H sample in channel 1 
S*22 = measured activity of standard 14 C sample in channel 2 
y 1 = measured activity of test sample (both 3 H and 14 C) in channel 1 
y 2 = measured activity of test sample (both 3 H and 14 C) in channel 2 

e. Water Permeability Calculation 

In order to calculate the actual activity of a sample, the measured activities of the isotopes, 
^ and 14 C, must first be corrected to remove the cross-contamination error due to the 
presence of both isotopes in one sample. Without explaining the mathematical derivations, 
the following stepwise procedure is offered as an example of one method of determining 
water permeability from the above measurements: 

(1 ) Calculate S„. S 12 , S*. and Sa. from the following equations: 





= s\, 


-b, 


S12 


= S'u 


-b, 


Ssi 


= S 21 




&72 


= S*22 





(2) Calculate a« and a 2 , from the following equations: 

a« = S12 / S22 

a2i = S21 / Sn 

(3) Calculate corrected concentrations of 3 H p ") and ,4 C m from the following 
quations: 

c, = l(yr b,) - a« (yr bJJ / (1 • a, 2 a 2t )V 
cj = l(y r bj) - a 2 , (yr b,)] / (1- a, 2 ajiJV 

where V is the volume of the test sample. 
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(4) Calculate water permeability for an interval from ti to t 2 as follows: 
P = V fl MW-Cft,)] / A(CrCfl)(trt2) 

where Vi is the volume of Chamber II, c*{\£ is the concentration of 3 H in Chamber II at time 
t2, c#(ti) is the concentration of 3 H in Chamber II at time t, f A is the area of lens exposure, q 
is the average concentration of *H in Chamber I over the time period ti to t 2 and c* is the 
average concentration of 3 H in Chamber II over the time period t, to t 2 . 

The ophthalmic lenses of one embodiment of the present invention have a Hydrodell Water 
Permeability Coefficient of greater than about 0.2 x 10* cm 2 /sec. The ophthalmic lenses in 
a preferred embodiment of the invention have Hydrodell Water Permeability Coefficient of 
greater than about 0.3 x 1 0* cm 2 /sec. The ophthalmic lenses in a preferred embodiment of 
the invention have Hydrodell Water Permeability Coefficient of greater than about 0.4 x 10* 
cm 2 /sec. 

G. Oxvoen Transmlsslbllftv and Permeability 

As mentioned earlier, the cornea receives oxygen primarily from the corneal surface which 
is exposed to the environment, in contrast to other tissues which receives oxygen from 
blood flow. Thus, an ophthalmic lens which may be worn on the eye for extended periods 
of time must allow sufficient oxygen to permeate through the lens to the cornea to sustain 
corneal health. One resuft of the cornea receiving an inadequate amount of oxygen is that 
the cornea will swell. In a preferred embodiment, the oxygen transmissibility of the present 
ophthalmic lenses is sufficient to prevent any clinically significant amount of corneal swelling 
from occurring. 

A preferred ophthalmic lens material will have an oxygen transmissibility, Dk/t, of at least 70 
(cm 3 oxygen)(mm)/mm-cm 2 x (sec/mm Hg) x 10" e or [barrers/mm], more preferably at least 
75 barrers/mm, and most preferably at least 87 barrers/mm. 

* 

The oxygen permeability of a lens and oxygen transmissibility of a lens material may be 
determined by the following technique. Oxygen fluxes (J) are measured at 34°C in a wet 
cell (he., gas streams are maintained at about 1 00% relative humidity) using a Dk1 000 
instrument (available from Applied Design and Development Co.. Norcross. Georgia), or 
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similar analytical instrument. An air stream, having a known percentage of oxygen (e.g.. 
21%). is passed across one side of the lens at a rate of about 10 to 20 cm 3 /min.. while a 
nitrogen stream is passed on the opposite side of the lens at a rate of about 1 0 to 20 
cm 3 /min. The barometric pressure surrounding the system. P me asured' is measured. The 
thickness (t) of the lens in the area being exposed for testing is determined by measuring 
about 10 locations with a Mitotoya micrometer VL-50. or similar instrument, and averaging 
the measurements. The oxygen concentration in the nitrogen stream (i.e., oxygen which 
diffuses through the lens) is measured using the DK1 000 instrument The oxygen 
permeability of the lens material, D k . is determined from the following formula: 

D k = ^(Poxygen) 

where J = oxygen flux [microliters 0 2 /cm 2 -minute] 

Poxygen = ^measured - Pwater vapor) * (%°2 h ™ ^am) [mm Hg] 

- partial pressure of oxygen in the a'r stream 
Pmeasured = barometric pressure [mm Hg] 
Pwater vapor = 0 mm Hg at 34°C (in a dry cell) [mm Hg] 
P water vapor = 40 mm Hg at 34 8 C (in a wet cell) [mmHg] 
t = average thickness of the lens over the exposed test area [mm] 

where D k is expressed in units of barrers, 

i.e., l(cc oxygen) (mmVcm 2 ] x [sec/mm Hg] x 1 0' 1 °. 

The oxygen transmissibility (C^t) of the material may be calculated by dividing the oxygen 
permeability (D*) by the average thickness (t) of the lens. 

* 

H. Mechanical On-eye Move ment Parameters 

On-eye movement of a lens may be predicted from the mechanical properties of a lens, the 
ion or water permeability through the lens, or both the mechanical properties and ion or 
water permeability. In fact, on-eye movement may be predicted more accurately from a 
combination of mechanical properties and ion or water permeability. 

- n T*ns\\* Modulu ? Short Relaxation Time . 
Tensile mechanical testing may be performed on lens materials to determine mechanical 
properties. A procedure for preparing a test sample from a lens for subsequent mechanical 
testing includes the following steps: 
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1 Cut a parallel-sided strip through the center of the lens. A suitable width for the strip 
is about 3.1 mm. 

2 Immerse the test strip in a phosphate-buffered saline solution (approximating ocular 
fluid osmolality) for a period of about 24 hours before testing. 

3. Conduct mechanical testing with the test strip immersed in phosphate-buffered saline 
at ambient temperature (about 23°C). 

Tensile modulus may be measured by applying a strain rate of about 100% per minute to 
the test strip and recording the resultant stress. However, the procedure may be used at 
differing strain rates. 

Stress relaxation is measured by applying a constant strain of about 5% to the test strip and 
recording the resultant stress for about 5 minutes. A useful mechanical testing instrument 
for this type of testing is the Vrtrodyne V-200 from Liveco Biomechanical Instruments, 
located in Burlington, Vermont 

In order to analyze stress relaxation data, a three element Maxwell-Wiechert model (a 
spring and two spring-dashpot elements in parallel) may be assumed for the polymer 
material. For this model the stress relaxation modulus is given by the following equation: 

E(t) = Eo + Eiexp(-tAi) + Ejexpt-t/fc) 

Stress v. time curves may be normalized to the maximum (initial) stress induced in the 
samples. These curves may be analyzed by a variety of commercially available software 
(for example. ORIGIN software) by titling the double exponential equation: 

y(t) = y 0 + Aiexp(-tAi) + Ajexpf-tAJ 
in order to obtain the stress relaxation parameters y 0 . ti. A 1t ta, and Aj. 

It has been determined that the tensile modulus (modulus of elasticity, E) and the short 
relaxation time constant (t,) correlate well with on-eye movement. In order to have 
appropriate on-eye movement, a lens preferably has a tensile modulus of less than about 3 
MPa. More preferably. E is about 0.4 to about 2.5 MPa while a particularly preferred E is 
about 0.5 to about 1 .5 MPa. 

A preferred short relaxation time constant (t,) is greater than about 3.5 seconds. More 
preferably, t, is greater than about 4 seconds, while a particularly preferred t, is greater than 
about 4.5 seconds. 
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2. Tan gent Delta 

Lenses may also be evaluated by dynamic mechanical analysis (DMA) methods. It has 
been determined that a factor known as tan 6 (i.e., tangent delta), also known as 
mechanical loss factor, correlates well with on-eye movement It has been observed that 
lens materials which move on the eye exhibit a distinct increase in tan 6 with increasing 
frequency from about 0.1 to 10 Hz when these materials are tested by dynamic mechanical 
analysis. The tan 6 of a preferred lens material is above about 0.2 at 0.1 Hz and increases 
to about 0.25 or more at about 10 Hz. A tan 6 of about 0.3 or greater at 10 Hz is more 
preferred, while a tan 6 of about 0.5 or greater at 10 Hz is even more preferred. 

DMA measurements may be determined in accordance with the following procedure. A disk 
of lens material having a diameter of about 3.0 mm and a thickness of about 0.50 mm is 
formed. The disk is placed in a Perkin-Elmer DMA-7 instrument The disk is immersed in a 
solution buffered to a pH of about 7.2 and held isothermally for a period of about 10 
minutes or more prior to testing, at a temperature of about 23 to 35'C . The instrument is 
set to a compression measuring mode and the strain on the sample is adjusted to about 2% 
to 4%. depending on the sample response. The amplitude of compression is about 2 to 4 
nm. Measurements of the modulus of elasticity and tan 6 are taken at frequencies of about 

0. 1, about 1, and about 10 Hz. 
3. Parameter Combinations 

In order to assure appropriate movement of the lens on the eye, one may select materials 
which have a combination of the above-discussed properties. Therefore, a preferred group 
of xtended-wear contact lens materials have (a) a modulus of elasticity (E) of about 1 .5 
MPa or less, (b) a short time relaxation constant (t,) of greater than about 4 seconds, and 
(c) an lonoton Ion Permeability Coefficient of greater than about 0.3 x 10" 8 cmVsec and/or 
an lonoflux Diffusion Coefficient greater than about 6.4 x 10" 6 mmVmin. 

* 

1. Examples o * Suitable Materials 
1. Material "A" 

One embodiment of a suitable core material of the present ophthalmic lenses is a 
copolymer formed from the following rnonomeric and macromeric components: 

(a) about 5 to about 94 dry weight percent of a macromer having the segment of the 

formula 

CP-PAO-DU-ALK-PDMS-ALK-DU-PAO-CP 



WOW/31792 



PC77EP96A>1265 



-26- 



where POMS is a divalent po!y(disubstituted siloxane), 

ALK is an alkylene or alkylenoxy group having at least 3 carbon atoms, 

DU is a diurethane-containing group, 

PAO is a divalent polyoxyalkyfene, and 

CP is selected from acrylates and methacryiates, 

wherein said macromer has a number-average molecular weight of 2000 to 10,000; 

(b) about 5 to about 60 weight percent methacryioxypropyftris(trimethyIsiloxy)silane; 

(c) about 1 to about 30 weight percent of an acirylate or methacrylate monomer; and 

(d) 0 to 5 weight percent cross-linking agent, 

with the weight percentages being based upon the dry weight of the polymer components. 

A preferred polysiloxane macromer segment is defined by the formula 

CP-PAODU-ALK-PDMS-ALK-DU-PAOCP 
where PDMS is a divalent poly(disubstituted siloxane); 

CP is an isocyanatoalkyi acrylate or methacylate, preferably isocyanatoethyl methacrylate, 

where the urethane group is bonded to the terminal carbon on the PAO group; 

PAO is a divalent polyoxyalkyfene (which may be substituted), and is preferably a 

polyethylene oxide, i.e., (-CH2-CH2-0-) m CH 2 CH 2 - where m may range from about 3 to 

about 44, more preferably about 4 to about 24; 

DU is a diurethane, preferably including a cyclic structure, 

where an oxygen of the urethane linkage (1) is bonded to the PAO group and an oxygen of 
the urethane linkage (2) is bonded to the ALK group; 

and ALK is an alkylene or alkylenoxy group having at least 3 carbon atoms, preferably a 

■ 

branched alkylene group or an alkylenoxy group having 3 to 6 carbon atoms, and most 
preferably a sec-butyl p.e., -CH 2 CH 2 CH(CH3)-) group or an ethoxypropoxy group 
( .g., -O-(CH 2 ) 2 -0-(CH 2 ) 3 -). 

It will be noted that the DU group can be formed from a wide variety of diisocyanates or 
triisocyanates. including aliphatic, cycloaliphatic or aromatic polyisocyanates. These 
isocyanates include, without limitation thereto, ethylene diisocyanate; 1 .2- 
diisocyanatopropane; 1 ,3-diisocyanatopropane; 1 ,6-diisocyanatohexane; 1,2- 
diisocyanatocyclohexane; 1 ,3-diisocyanatocyclohexane; 1,4-diisocyanatobenzene, bis(4- 
isocvanatocyclohexyl)methane; bis (4-isocyanatocyclohexyl) methane. bis(4- 
isocyanatophenyl)methane; 1 ,2- and 1 ,4-toluene diisocyanate; 3.3-dich!oro-4.4-- 
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diisocyanatobiphenyl; tris(4-isocyanatophenyI)methane; 1 ,5-diisocyanatonaphthaIene; 
hydrogenated toluene diisocyanate; 1-isocyanatomethyl-5-isocyanato-l,3,3- 
trimethylcyclohexaine (i.e., isophorone diisocyanate); 1.3,5-tfis(6-isocyanatohexyi) biuret; 
1 l 6-diisocyanato-2 t 2,4-(2 l 4 i 4)-trimethyIhexane; 2,2'-diisocyanatodiethyl fumarate; 1,5- 
diisocyanato-1-carboxypentane; 1,2-, 1,3-, 1,6-, 1,7-, 1,8-, 2,7- and 2,3- 
diisocyanatonaphthalene; 2,4- and 2,7-dusocyanato-1-methyInaphthaIene; 1,4- 
diisocyanatomethylcyclohexane; 1,3-diisocyanato-6(7)-methylnaphtha!ene; 4,4'- 
diisocyanatobiphenyl; 4,4 , -diisocyanato-3 ) 3 , -dimethoxybisphenyl; 3,3'- and 4,4- 
diisocyanat^^^imethylbisphenyl; bis(4-isocyanatophenyl) ethane; bis(4- 
isocyanatophenyl ether); 1,2- or 1 ,4-toIuene diisocyanate; and mixtures thereof. Preferably 
DU is formed from isophorone diisocyanate or toluene diisocyanate, and more preferably, 
isophorone diisocyanate, where one isomeric diurethane structure of isophorone 
diisocyanate is defined above. 



A preferred Material A macromer segment has the following formula: 
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wherein: 

R, and R 2 are lower alkyl (0,-0*), preferably C-Q, alkyl. more preferably methyl; 
R 3 . R4. Rs. and Re are lower alkylene (C-C«), preferably C-Q, alkylene. more preferably Cr 
C3 alkylene. and preferably, where the total number of carbon atoms in R 3 and R 5 . or R«and 
Re is greater than 4; 

R 7 and R«are linear or branched alkylene or a bivalent cycloalkylene. preferably bivalent 

■ 

• * 

cycloalkylene; 

R, R, 0 . R.i. and R, 2 are C-C, alkylene. preferably Cs alkylene; 

R„ and R 14 are lower alkylene (C-CJ. preferably C-C, alkylene. more preferably ethylene; 
and 

R 15 and R I6 are linear or branched lower alkenylene. preferably C 2 -C alkenylene; 
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m and p. independently of one another, may range from about 3 to about 44, more 
preferably about 4 to about 24; and 

n may range from about 13 to about 80, more preferably, about 20 to about 50, and even 
more preferably about 24 to about 30. 

The polysiloxane macromer may be synthesized by the following preferred process. At 
about room temperature (about 20-25°C), poly(dimethylsiloxane) diaJkanol having hydroxy- 
alkyl (e.g., hydroxy-sec-butyi) or hydroxyalkoxy (e.g., hydroxyethylpropoxy) end groups and 
having a molecular weight of about 2000 to 3000 (preferably about 2200, i.e., having about 
28 repeating siloxane groups) is reacted with isophorone diisocyanate at about a 1:2 molar; 
ratio, using about 0.2 weight percent (based on polydimethyisiloxane) dibutyttin dilaurate 
added as a catalyst. The reaction is carried out for about 36 to 60 hours. To this mixture is 
added poly(ethylene gfycol) having a molecular weight of about 400 to 1 200 (more 
preferably about 500 to 700) at about a 2:1 or 2.1:1 molar ratio with respect to the PDMS, 
about 0.4 to 0.5 weight percent dibutyttin dilaurate (based on polyethylene glycol weight), 
and chloroform sufficient to ensure substantial mixture homogeneity. The mixture is 
agitated for about 1 2 to 18 hours, then held at a temperature of about 44 to 48°C for about 
6 to 10 hours* Excess chloroform is evaporated therefrom at about room temperature to 
produce a composition having about 50 weight percent solids. Then, isocyanatoethyf - 
methacryiate is added to the mixture in about a 2:1 to 2.3:1 molar ratio with respect to 
PDMS. The mixture is agitated at room temperature for about 15 to 20 hours. The resulting 
solution contains a polysiloxane macromer having the composition described above and a 
number-average molecular weight of about 2000 to 10,000, more preferably about 3000 to 

5000. 

An advantageous polymeric material formed from the Material A macromer of the present 
invention is a copolymer of the aforementioned Material A macromer; an acrylated or 
methacryiated siloxane monomer, preferably methacryloxypropyrtris (trimethylsiloxy) silane 
(referred to herein as Tris'); a hydrophilic monomer, preferably 2-hydroxyethyl methacryiate 
(HEMA); and preferably, a cross-linking agent such as ethylene glycol dimethacrylate 
(EGDMA). The final copolymer composition includes about 10 to 90, preferably 70 to 90, 
weight percent polysiloxane macromer; about 5 to 60, preferably about 8 to 20, weight 
percent siloxane monomer; about 1 to 30, preferably about 1 to 5, weight percent acrylate 
or methacryiate monomer; and 0 to about 5. preferably up to about 2 weight percent cross- 
linking agent (e.g.. EGDMA) based on a total dry copolymer weight. A more preferred 
composition includes about 80 to 84 polysiloxane macromer. about 12 to 15 weight percent 



WO 96/31792 



FCT/LP96J0126S 



- 29 - 

* * 

TRIS, about 3 to about 4 weight percent 2-hydroxyethyI methacrylate. and about 0.7 to 
about 1 .2 weight percent ethylene glycol dimethacryiate. 

The advantageous copolymers of the present invention may be formed from the previously- 
described polysiloxane macromer in the following manner. A monomelic solution is formed 
by adding Tris, HEMA, DAROCUR® 1 173 (a photoinitator available from Ciba-Geigy 
Corporation), and optionally, EGDMA to the polysiloxane macromer solution. The resulting 
polymer precursor solution preferably contains about 83 to about 95 weight percent 
polysiloxane macromer solution; about 5 to about 10 weight percent Tris, about 0.5 to about 
5 weight percent HEMA, about 0.1 to about 1.0 weight percent DAROCUR® 1 173, and 
about 0.1 to about 1.0 weight percent EGDMA. More preferably, the monomer solution 
contains about 87 to about 93 weight percent polysiloxane macromer solution, about 7 to 
about 8 weight percent Tris, about 2 to about 4 weight percent HEMA, about 0.3 to about 
0.7 weight percent DAROCUR® 1 173, and about 0:3 to about 0.7 weight percent EGDMA. 
The monomer solution is preferably agitated for about 8 to about 24 hours prior to the 
polymerization step. 

Contact lenses may be prepared from the monomer solution by applying the monomer 
solution to appropriate lens molds and applying sufficient ultraviolet (UV) radiation to initiate 
polymerization. The ultraviolet light may be applied for a period of a few minutes to about 5 
hours, depending on the intensity of light applied. Subsequent to polymerization, the 
contact lens may be extracted with a solvent, e.g., isopropanol, to remove unreacted 
monomers. 

Thus, generally, one embodiment of the present invention is a method of forming a molded 
polymeric article suitable for ophthalmic applications (especially a contact lens), including 
the following steps: 

(a) contacting a poly(dialkylsiloxane) dialkanol with a diisocyanate compound in the 
presence of a first catalyst at conditions sufficient to cause reaction of said dialkanol with 
said diisocyanate, thereby forming a first mixture; 

(b) contacting said first mixture with poly(alkyiene glycol), a second catalyst, and 
sufficient solvent to ensure mixture homogeneity, thereby forming a second mixture; 

(c) evaporating sufficient solvent from said second mixture to generate a third mixture 
having a solids content of about 40 to 60 weight percent; 

(d) adding isocyanatoalkyl methacrylate to said third mixture, thereby forming a fourth 
mixture containing a polysiloxane macromer; 
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(e) adding to said fourth mixture 3-methacryloxypropyltris(trimeUiylsiIoxy)silane 
(TRIS), a hydrophilic monomer, a cross-linking agent and a photoinitiator, thereby forming a 
fifth mixture; 

(f) placing said fifth mixture into a mold; and 

(g) applying sufficient radiation to copolymerize said monomers, thereby forming 
said polymeric material into a molded polymeric article. 

The hydrophilic copolymers of the present invention are especially advantageous in the 
formation of 'soft' contact lenses. In the use of the copolymers in the contact lens field, the 
lenses have a water content of about 10 to about 50 weight percent, more preferably about 
10 to about 30 weight percent, and most preferably about 15 to about 22 weight percent, 
based on total hydrophilic polymer weight. Preferably, the fully-hydrated contact lens has 
an oxygen transmissibilrty (Dj<A) of greater than 70 barrers/mrn (i.e., [(cc oxygen) (mm)/cm 2 ] 
x [sec/mm Hg] x 10" 10 ), more preferably greater than about 75 barrers/mm, and most 
preferably greater than about 87 barrers/mm. 

2. Material *B" (Polysiloxane-comprising perfluoroalkyl ethers; 
The Material "B" macromer is defined by formula (I): 

P.-OO.n.O-.XOp-Q-^rDp-OO^P, (l) 

where each P1 , independently of the others, is a free-radical-poiymerizable group; 
each Y. independently of the others, is -CONHCOO-. -CONHCONH-, -0CONHCO-, 
-NHCONHCO-. -NHCO-, -CONH-, -NHCONH-, -COO-. -OCO-, -NHCOO- or -OCONH-; 
m and p, independently of one another, are 0 or 1 ; 

each L, independently of the others, is a divalent radical of an organic compound having up 
to 20 carbon atoms; 

each X,. independently of the others, is -NHCO-. -CONH-. -NHCONH-, -COO-, -OCO-. 

-NHCOO- or -OCONH-; and . * 

Q is a bivalent polymer fragment consisting of the segments: 

(a) -(EJk-Z-CFrfOCFajK-fOCFaCFaJy-OCFr-Z-tEJk-. 
where x+y is a number in the range of 1 0 to 30; 
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each Z. independently of the others, is a divalent radical having up to 12 carbon atoms or Z 
is a bond; 

each E, independently of the others, is -(OCHjOy,,-. where q has a value of from 0 to 2, 

and where the link -Z-E- represents the sequence -Z-(OCH 2 CH 2 ) q -; and 

kisOorl; 



where n is an integer from 5 to 1 00; 

Alk is alkylene having up to 20 carbon atoms; 

80-100% of the radicals R tl R 2 , Ra and R4, independently of one another, are alkyl and 
O-20% of the radicals Ri, R 2t Rj and R4, independently of one another, are alkenyl, aryl or 
cyanoalkyl; and 



where R is a divalent organic radical having up to 20 carbon atoms, and 

each X2, independently of the others, is -NHCO-, -CONH-, -NHCONH-, -COO-, -OCO-, - 

NHCOO- or OCONH-; 

with the provisos that there must be at least one of each segment (a), (b), and (c) in Q, that 
each segment (a) or (b) has a segment (c) attached to ft, and that each segment (c) has a 
segment (a) or (b) attached to it 

< 

The number of segments (b) in the polymer fragment Q is preferably greater than or equal 
to the number of segments (a). The ratio between the number of segments (a) and (b) in 
the porymer fragment Q is preferably 3:4, 2:3, 1 :2 or 1 :1 . The molar ratio between the 
number of segments (a) and (b) in the polymer fragment Q is more preferably 2:3, 1:2 or 

1:1. 

The mean molecular weight of the porymer fragment Q is in the range of about 1000 to 
about 20000. preferably in the range of about 3000 to about 1 5000. particularly preferably 
in the range of about 5000 to about 12000. 

■ 

The total number of segments (a) and (b) in the polymer fragment Q is preferably in the 
ranqe of 2 to about 1 1 . particularly preferably in the range of 2 to about 9. and in particular 




R, R, 

Si--0 — Si- 
I I 



Xj-H-Xj, 
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* 

in the range of 2 to about 7. The smallest polymer unit Q is preferably composed of one 
perfluoro segment (a)* one siloxane segment (b) and one segment (c). 

In a preferred embodiment of the polymer fragment Q, which preferably has a composition 
in the abovementioned ratios, the polymer fragment Q is terminated at each end by a 
siloxane segment (b). 

The compositions in a bivalent polymer fragment Q always correspond above and below to 
a mean statistical composition. This means that, for example, even individual block 
copolymer radicals containing identical recurring units are included, so long as this final 
mean statistical composition is as specified. 

Xi is preferably -NHCONH-, -NHCOO- or -OCONH-, particularly preferably -NHCOO- or - 
OCONH-. 

The Xr R*X2 segment is preferably a radical derived from a diisocyanate, where each Xa, 
independently of the other, is NHCONH-, -NHCOO- or -OCONH-, in particular -NHCOO- or 
-OCONH-. 

Z is preferably a bond, lower alkylene or -CONH-aryiene, in which the -CO- moiety is linked 
to a CF 2 group. 2 is particularly preferably lower alkylene, in particular methylene. 

* 

q is preferably 0,1.1 .5 or 2, particularly preferably 0 or 1 .5. 

The perfluoroalkoxy units OCF 2 and OCF2CF 2 with the indices x and y in segment (a) can 
either have a random distribution or be in the form of blocks in a chain. The sum of the 
indices x+y is preferably a number in the range of 10 to 25, particularly preferably of 10 to 
15. The ratio x:y is preferably in the range of 0.5 to 1 .5, in particular in the range of 0.7 to 

1.1. 

A free-radical-polymefizable group Pi is, for example, alkenyl, alkenylaryl or 
alkenylarylenealkyl having up to 20 carbon atoms. Examples of alkenyl are vinyl, ally!, 
1-propen-2-yl, 1-buten-2-, -3- and -4-yl. 2-buten-3-yl. and the isomers of pentenyl. hexenyi. 
octenyl, decenyl and undecenyl. Examples of alkenylaryl are vinylphenyl. 
vinylnaphthyl or allylphenyl. An example of alkenylarylenealkyl is o-. m-, or p-vinylbenzyl. 
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* 

P, is preferably alkenyl or alkenylaryl having up to 12 carbon atoms, particularly preferably 
alkenyl having up to 8 carbon atoms, in particular alkenyl having up to 4 carbon atoms. 

Y is preferably -COO-, -OCO-, -NHCONH-, -NHCOO-, -OCONH-, NHCO- or -CONH-, par- 
ticularly preferably -COO-, -OCO-, NHCO- or -CONH-, and in particular. -COO- or -OCO-. 

In a preferred embodiment, the indices, m and p, are not simultaneously zero. If p is zero, m 
is preferably 1 . 

L is preferably alkylene, arylene, a saturated bivalent cycloaliphatic group having 6 to 20 * 
carbon atoms, arylenealkylene, alkyienearylene, alkylenearylenealkyiene or 
arylenealkylenearylene. 

Preferably, L is a divalent radical having up to 12 carbon atoms, particularly preferably a 
divalent radical having up to 8 carbon atoms. In a preferred embodiment L is furthermore 
alkylene or arylene having up to 12 carbon atoms. A particularly preferred embodiment of L 
is lower alkylene, in particular lower alkylene having up to 4 carbon atoms. 

The divalent radical R is, for example, alkylene, arylene, alkyienearylene, arylenealkylene or 
arylenealkylenearylene, having up to 20 carbon atoms, a saturated bivalent cycloaliphatic 
group having 6 to 20 carbon atoms or cycloalkylenealkylenecycloalkylene having 7 to 20 
carbon atoms. 

In a preferred embodiment, R is alkylene, arylene, alkyienearylene, arylenealkylene or 
arylenealkylenearylene having up to 1 4 carbon atoms or a saturated divalent cycloaliphatic 
group having 6 to 14 carbon atoms. In a particularly preferred embodiment, R is alkylene or 
arylene having up to 12 carbon atoms or a saturated bivalent cycloaliphatic group having 6 
to 14 carbon atoms. 

* 

In a preferred embodiment, R is alkylene or arylene having up to 10 carbon atoms or a 
saturated bivalent cycloaliphatic group having 6 to 10 carbon atoms. * 

In a particularly preferred meaning, R is a radical derived from a diisocyanate, for example 
from hexane 1 ,6-diisocyanate, 2.2,4-trimethylhexane 1 ,6-diisocyanate. tetramethylene 
diisocyanate. phenylene 1 ,4-diisocyanate, toluene 2,4-diisocyanate, toluene 2.6- 
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diisocyanate. m- or p-tetramethylxylene diisocyanate. isophorone diisocyanate or 
cycldhexane 1 ,4-diisocyanate. 

In a preferred meaning, n is an integer from 5 to 70, particularly preferably 10 to 50, in 
particular 14 to 28. 

In a preferred meaning. 80-100%, preferably 85-100%, in particular 90-100%, of the 
radicals Ri. R 2 . Rs and R, are. independently of one another, lower alkyi having up to 8 
carbon atoms, particularly preferably lower alkyi having up to 4 carbon atoms, especially 
lower alkyi having up to 2 carbon atoms. A further particularly preferred embodiment of R lf 

R 2 . Ra and is ro^yl- 

In a preferred meaning. 6-20%, preferably 0-15%, in particular 0-10%, of the radicals R,, Ri. 
R, and R4 are. independently of one another, lower alkenyl, unsubstituted or lower alkyi- or 
lower alkoxy-substituted phenyl or cyanoflower alkyi). 

Arylene is preferably phenylene or naphthylene, which is unsubstituted or substituted by 
lower alkyi or lower alkoxy, in particular 1 ,3-phenylene, 1 ,4-phenylene or methyl-1,4- 
phenyiene. 1 ,5-naphthylene or 1 ,8-naphthylene. 

Aryt is a carbocyclic aromatic radical which is unsubstituted or substituted preferably by 
lower alkyi or lower alkoxy. Examples are phenyl, tolyl. xylyl, methoxypbenyl, t- 
butoxyphenyl, naphthyl and phenanthryl. 

A saturated bivalent cycloaliphatic group is preferably cycloalkylene, for example 
cyclohexylene or cydohexylene (lower alkylene), for example cyclohexylenemethyiene, 
which is unsubstituted or substituted by one or more lower.alkyl groups, for example methyl 
groups, for example trimethyicyclohexylenemethylene. for example the bivalent isophorone 

radical. 

For the purposes of the present invention, the term 'lower in connection with radicals and 
compounds, unless defined otherwise, denotes, in particular, radicals or compounds having 
up to 8 carbon atoms, preferably having up to 4 carbon atoms. 

Lowpr alkyi has. in particular, up to 8 carbon atoms, preferably up to 4 carbon atoms, and 
is. for example, methyl, ethyl, propyl, butyl, tert-butyl. pentyl. hexyl or isohexyl. 
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Alkylene has up to 12 carbon atoms and can be straight-chain or branched. Suitable 
examples are decylene. octylene, hexylene, pentylene, butylene, propylene, ethylene, 
methylene, 2-propylene, 2-butylene, 3-pentyiene, and the like. 

* 

Lower alkylene is alkylene having up to 8 carbon atoms, particularly preferably up to 4 
carbon atoms. Particularly preferred meanings of lower alkylene are propylene, ethylene 
and methylene. 

The arylene unit in alkylenearylene or arylenealkylene is preferably phenyiene, 
unsubstituted or substituted by lower alkyl or lower alkoxy, and the alkylene unit therein is 
preferably lower alkylene, such as methylene or ethylene, in particular methylene. These 
radicals are therefore preferably phenylenemethylene or methylenephenylene. 

Lower alkoxy has, in particular, up to 8 carbon atoms, preferably up to 4 carbon atoms, and 
is, for example, methoxy, ethoxy. propoxy. butoxy, tert-butoxy or hexyloxy. 

• * 

Arylenealkylenearylene is preferably phenyleneflower alkylene)phenylene having up to 8, in 
particular up to 4, carbon atoms in the alkylene unit, for example 
phenyleneethylenephenylene or phenyienemethylenephenylene. 

The macromers of the formula (I) can be prepared by processes known per se. for example 
as follows: 

In a first step, a perfluoropolyaJkyi ether derivative of formula (IV): 

X 3 -(E) k -Z-CF r (OCF 2 ) x -{OCF 2 CF 2 ) y -OCF r 2-(E) k -X 3 (IV) 

in which X, is -OH. -NHt. -COOH, -COCI, -NCO or -C0OR s , where -COOR s is generally an 
activated ester in which R 5 is alkyl or aryl which is unsubstituted or substituted by halogen or 
cyano, and the variables Z, E. k. x and y are as defined. above, is preferably reacted with 
two equivalents of a bifunctional radical of formula (V): 

X4-R-X4 (V) 

in which R is as defined above and X, is a functional radical which is coreactive with an X, 
and is preferably -OH, -NH 2 . COOH, -COCI. -COOR s or -NCO; in the presence or absence 
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of a suitable catalyst, where the reaction of X3 with X* gives a group X 2 ; after which a 
reactive derivative of formula (VI): 

X4-R-Xr(E)rZ-CFr(OCFa)^(OCF2CF a ) r OCFrZ.(E) k -XrR-X4 (VI) 

is obtained which is then preferably reacted with two equivalents of an co-substituted 
siloxane of formula (VII): 



■Alk — Si- 
I 

*2 



Rj 

r 



1 

R< 



•Alk— X, 



(VII) 



n 



where the variables R„ R 2 , Ra. R*. n. X3 and Alk are as defined above, in the presence or 
absence of a suitable catalyst, giving a compound of formula (VIII): 



Xa-Sil-XrR-XrPFPE-XrR-XrSil-Xa 



(VIII) 



in 



which PFPE e (EJ^Z-CFrtOCFaJx-tOCFaCF^^OCFrZ-fE),,. Sil is the siloxane radical 



1 

R* 



R, R, 

— Alk — Si — 0 — Si-f-Alk- 



ii- 

I 

R4 



n 



and the other variables are as defined above; after which the reactive intermediate of the 
formula (VIII) is preferably reacted with two equivalents of a compound of the formula (IXa) 
or (IXb): 



P1-OVL-X4 
P,-Y a 



(IXa) 
(IXb) 



in the presence or absence of a catalyst, to give the macromer of the formula (I): 



Pr(Y) m -(L-X,)p-Q-fX r L)p-fY)m-P. 



(I) 
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in which Y 2 is a functional radical which is coreactive with X3 and is preferably -OH. -NH 2 . - 
COOH, -COCI, -COOR5, -CONCO or -NCO, and the variables are as defined above, and in 
which Xi is formed from the reaction of X3 with X4 and Y is formed from the reaction of Y 2 
with X3. 

The starting materials of formula (IV) for the preparation of the perfiuoroaikyf ethers are 
known and many are commercially available. For example, U.S. Patent No. 3,810,875. and 
European Patent No. 0211237 (U.S. Patent No. 4,746,575) describe such compounds. 
Ausimont, Italy, markets perfiuoroalkyi ether dimethanols under the name Fomblin, for 

• 

example Fomblin ZDOL and Fomblin ZDOL-TX. Further Fomblin derivatives of the formula 
(fV) are commercially available, including, for example, Fomblin 2DIS0C, in which the 
radical -Z-Xa in the formula (IV) is CONH*C6H 3 (CH 3 )-NCO; Fomblin ZDEAL, in which the 
radical Z-X3 in the formula (IV) is -COOR5; and Fomblin ZDIAC t in which the radical -Z-Xs in 
the formula (IV) is -COOH. 

Bifunctional radicals having a substitution pattern as per formula (V) exist in large numbers 
and are commercially available. Examples include, without limitation thereto: diisocyanates, 
such as isophorone diisocyanate and 2,2,4-trimethyihexane 1 ,6-diisocyanate; diols, such as 
glycol and cyclohexane-1 ,2-dioI; dicarboxylic acids, such as adipic acid and maleic acid; 
diamines, such as ethylenediamine and hexamethylenediamine, diesters, such as diethyl 
phthalate and dibutyl malonate; derivatives containing various functional groups, such as 2- 
aminoethanol, monomethyi malonate, glycolic add, salicylic acid, glycine and glycine methyl 

ester. - 

* 

Preference is given to bifunctional derivatives of the formula (V) which have different 
reactivities irrespective of the nature of their functional radicals X*. In the case of identical 
radicals X«, this is achieved, for example, through different steric requirements in the direct 
vicinity of a radical X*. Examples thereof are isophorone diisocyanate, 2,2,4- 
trimethylhexane 1 ,6-diisocyanate and toluene 2.4-diisocyanate. The advantage of using 
bifunctional derivatives of formula (V) of different reactivity is that the chain length of 
polymer Q (number of segments (a), (b) and (c)) is easily adjustable and controllable. 

a,a>-substituted siloxanes of formula (VII) are likewise commercially available, for example 
a.w-hydroxypropyl-terminated polydimethylsiloxane KF6001 from Shin-Etsu. 
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The novel compounds can be prepared in the presence or absence of a solvent. It is 
advantageous to use a substantially inert solvent, i.e.. one which does not participate in the 
reaction. Suitable examples thereof are ethers, such as tetrahydrofuran (THF). diethyl ether, 
diethylene glycol dimethyl ether or dioxane. halogenated hydrocarbons, such as chloroform 
or methylene chloride, bipolar aprotic solvents, such as acetonitrile. acetone, 
dimethytformamide (DMF) or dimethyl sulfoxide (DMSO). hydrocarbons, such as hexane. 
petroleum ether, toluene or xylene, and furthermore pyridine or N-methylmorpholine. 

In the preparation of novel compounds, the reactants are advantageously employed In 
stoichiometric amounts. The reaction temperature can be. for example, from -30 e C to 
150°C. preferably from 0° to room temperature. The reaction times are in the range of about 
15 minutes to 7 days, preferably about 12 hours. If necessary, the reaction is earned out 
under argon or nitrogen as protective gas. In urethane-forming reactions, a suitable catalyst, 
for example, dibutyttin dilaurate (DBTDL). is advantageously added. 

The present Material "B' furthermore relates to a polymer comprising a product of the 
polymerization of at least one compound of formula 0) as defined above and. if desired, at 
least one vinylic comonomer (a). In a preferred composition of a novel copolymer, the 
proportion by weight of a compound of formula (I) is in the range of 100 to 0.5%, in 
particular in the range of 80 to 10%. preferably in the range of 70 to 30%, based on the total 
potymer. 

In a preferred polymer comprising a product of the polymerization of at least one 
compound of the formula 0). comonomer (a) is absent and the polymer te a homopolymer. 

A comonomer (a) present in the novel polymer can be hydrophilic or hydrophobic or a 
mixture thereof. Suitable comonomers are. in particular, those which are usually used in 
the production of contact lenses and biomedical materials. A hydrophobic comonomer (a) 
is taken to mean a monomer which typically gives a homopolymer which is insoluble in 
water and can absorb less than 1 0% by weight of water. Analogously, a hydrophilic 
comonomer (a) is taken to mean a monomer which typically gives a homopolymer which .s 
soluble in water or can absorb at least 1 0% by weight of water. Suitable hydrophob.c 
comonomers (a) are. without limitation thereto. C,C„alkyl and C-Ccydoalkyl acrytates 
and methacrylates. C^aalkylacrylamides and -methacrylamides. acryionitri.e. methacrylo- 
nitrile vinyl C-C.alkanoates, C-Calkenes, C-Chaloalkenes, styrene. (lower alkyl)- 
styrene lower alkyl vinyl ethers. C-Coperfluoroalkyl acrylates and methacrylates and 
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correspondingly partially fluorinated acrylates and methacrylates, Cj-Cjperfluoroalkylethyl- 
thiocarbonylaminoethyl acrylates and methacrylates, acryloxy- and methacryloxyalkyl- 
siloxanes, N-vinylcarbazole, C t -C 1? alkyi esters of maleic acid, fumaric acid, rtaconic acid, 
mesaconic acid and the like. 

Preference is given, for example, to acrylonitrile, Ci-C 4 alkyl esters of vinylically 
unsaturated carboxyiic acids having 3 to 5 carbon atoms or vinyl esters of carboxylic acids 

* 

having up to 5 carbon atoms. 

Examples of suitable hydrophobic comonomers (a) are methyl acrylate, ethyl acrylate, 
propyl acrylate, isopropy! acrylate, cyclohexyi acrylate, 2-ethylhexyl acrylate, methyl 
methacrylate. ethyl methacrytate, propyl methacrylate, butyl acrylate, vinyl acetate, vinyl 
propionate, vinyl butyrate, vinyl valerate, styrene, chloroprene, vinyl chloride, vinylkJene 
chloride, acrylonitrile, 1-butene, butadiene, methacrylonitrile, vinyftoluene, vinyl ethyl ether, 
perfiuorohexylethytthiocarbonylaminoethyl methacrylate, fsobomyl methacrylate, trifluoro- 
ethyl methacrylate, hexafiuoroisopropyl methacrylate, hexafluorobutyl methacrylate, tris- 
trimethylsilyloxysilylpropyl methacrylate (TRIS), 3-methacryloxy propylpentamethyldisiloxane 
and bis(methacryloxypropyl)tetramethyldisiloxane. 

* 

Preferred examples of hydrophobic comonomers (a) are methyl methacrylate, TRIS and 
acrylonitrile. 

Suitable hydrophilic comonomers (a) are, without this being an exhaustive list, hydroxyl- 
substituted lower alkyl acrylates and methacrylates, acrylamide, methacrylamide, (tower 
alkyi)acrylamides and -methacrylamides. ethoxylated acrylates and methacrylates, hydroxyl- 
substituted (lower alkyi)acrylamides and -methacrylamides, hydroxyl-substituted lower alkyl 
vinyl ethers, sodium vinylsulfonate, sodium styrenesuffonate, 2-acrylamido-2- 
methylpropanesulfonic acid. N-vinylpyrrole, N-vinyl-2-pyrrolidone. 2-vinyloxazoline, 2-vinyl- 
4,4 , -dialkyioxazolin-5-one, 2- and 4-vinylpyridine, vinylically unsaturated carboxylic acids 
having a total of 3 to 5 carbon atoms. amino(lower alkyl)- (where the term "amino" also 
includes quaternary ammonium), monoflower alkylamino) flower alkyl) and diflower 
alkylamino) (lower alkyl) acrylates and methacrylates, ally! alcohol and the like. Preference is 
given, for example, to N-vinyl-2-pyrrolidone, acrylamide, methacrylamide. hydroxyl- 
substituted lower alkyl acrylates and methacrylates, hydroxy-substituted (tower 
alkyl)acrylamides and -methacrylamides and vinylically unsaturated carboxylic acids having 
a total of 3 to 5 carbon atoms. 
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Examples of suitable hydrophilic comooomers (a) are hydroxyethyj methacrylate (HEM A), 
hydroxyethyl acrylate, hydroxypropyl acrylate, tnmethyiammonium 2-hydroxy 
propylmethacrylate hydrochloride (Blemer® QA for example from Nippon Oil), 
dimethylaminoethyt methacrylate (DMAEMA), dimethylaminoethylmethacrylamide, 
acrylamide, methacryiamide, N t N-dimethyIacrylamide (DMA), ally! alcohol, vinylpyridine, 
glycerol methacrylate, N-(1,1-dimethyl-3-oxobutyl)acrylamide ( N-vinyl-2-pyrrolidone (NVP), 
acrylic acid, methacryiic acid and the like. 

Preferred hydrophilic comonomers (a) are trimethylammonium 2-hydroxy 
propylmethacrylate hydrochloride, 2-hydroxyethyi methacrylate, dimethylaminoethyl 
methacrylate, trimethylammonium 2-hydroxypropylmethacryiate hydrochloride, N.N- 
dimethylacryiamide and N-vinyl-2-pyrroHdone. 

The novel polymers are synthesized in a manner known per se from the corresponding 
monomers (the term monomer here also including a macromer according to the definition of 
the formula (I)) by a polymerization reaction customary to the person skilled in the art. 
Usually, a mixture of the abovementioned monomers is warmed with addition of a free- 
radical former. Examples of such free-radical formers are azoisobutyronitrile (A1BN), 
potassium peroxodisurfate, dibenzoyl peroxide, hydrogen peroxide and sodium 
percarbonate. If, for example, said compounds are warmed, free radicals form with 
homofysis, and can then initiate, for example, a polymerization. 

A polymerization reaction can particularly preferably be carried out using a photoinitiator. In 
this case, the term photopolymerizatjon is used. In the photopolymerization, it is appropriate 
to add a photoinitiator which can Initiate free-radical polymerization and/or crosslinking by 
using light. Examples thereof are customary to the person skilled in the art suitable 
photoinitiators are. in particular, benzoin methyl ether. 1-hydroxycycl6hexylphenyl ketone, 
Darocur and Irgacur products, preferably Darocur® 11 73 and Irgacur® 2959. Also suitable 
are reactive photoinitiators, which can be incorporated, for example, into a macromer. or 
can be used as a specific comonomer (a). Examples thereof are given in European Patent 
No. 0632329. The photopolymerization can then be initiated by actinic radiation, for 
example light, in particular UV light having a suitable wavelength. The spectral requirements 
can, if necessary, be controlled appropriately by addition of suitable photosensitizers. 

A polymerization can be carried out in the presence or absence of a solvent. Suitable 
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solvents are in principle all solvents which dissolve the monomers used, for example water, 
alcohols, such as lower alkanols. for example ethanol or methanol, furthermore 
carboxamides. such as dimethytformamide. dipolar aprotic solvents, such as dimethyl 
sulfoxide or methyl ethyl ketone, ketones, for example acetone or cyclohexanone, 
hydrocarbons, for example toluene, ethers, for example THF, dimethoxyethane or dioxane, 
halogenated hydrocarbons, for example trichloroethane, and also mixtures of suitable 
solvents, for example mixtures of water and an alcohol, for example a water/ethanol or 
water/methanol mixture. 

A polymer network can. rf desired, be reinforced by addition of a crosslinking agent, for * 
example a polyunsaturated comonomer (b). In this case, the term crosslinked polymers is 
used. The invention, therefore, furthermore relates to a crosslinked polymer comprising the 
product of the polymerization of a macromer of the formula (I), if desired with at least one 
vinylic comonomer (a) and with at least one comonomer (b) . 

Examples of typical comonomers (b) are allyi (meth)acrylate. lower alkylene glycol 
di(meth)acrylate. polyflower alkylene) glycol di(meth)acry!ate. lower alkylene 
di(meth)acrylate, divinyl ether! drvinyl sulfone, di- and trivinylbenzene. trimethylolpropane 
tri(meth)acrylate, pentaerythritoltetra(meth)acrylate. bisphenol A di(meth)acrylate. 
methylenebis(meth)acryiamide, triallyi phthalate and diallylphthalate. 

t 

The amount of comonomer (b) used is expressed in a proportion by weight based on the 
total polymer and is in the range from 20 to 0.05%. in particular in the range from 1 0 to 
0.1%. preferably in the range from 2 to 0.1%. 



3. Material "C" 



Material "C" polymers are formed by polymerizing polymerizable macromers which contam 
free hydroxy! groups. Macromers which are built up. for example, from an amino-alkylated 
oolvsiloxane which is derivatized with at least one polyol component containing an 
unsaturated polymerizable side chain are disclosed. Polymers can be prepared on the one 
hand from the macromers according to the invention by homopolymerizafon. The 
macromers mentioned furthermore can be mixed and polymerized with one or more 
hvdrbDhilic and/or hydrophobic comonomers. A special property of the macromers 
^Z^^ is that they functfon as the element which controls microphase 
Reparation between selected hydrophilic and hydrophobic components in a crossl.nked end 
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product. The hydrophilic/hydrophobic microphase separation is in the region of less than 
300nm. The macromers are preferably crosslinked at the phase boundaries between, for 
example, an acrylate comonomer on the one hand and an unsaturated pofymerizable side 
chain of polyols bonded to pofysiloxane on the other hand, by covalent bonds and 
addrtionally by reversible physical interactions, for example hydrogen bridges. These are 
formed, for example, by numerous amide or urethane groups. The continuous siloxane 
phase which exists in the phase composite has the effect of producing a surprisingly high 
permeability to oxygen. 

The present embodiment of the invention relates to a macromer comprising at least one . 
segment of the formula (I): 



(1) 



in which 

(a) is a potysiloxane segment, 

t 

fa) is a polyol segment which contains at least 4 C atoms, 
Z is a segment (c) or a group Xi, 

(c) is defined as XrR-X* wherein 

R is a bivalent radical of an organic compound having up to 20 C atoms and 

each Xz independently of the other is a bivalent radical which contains at least one carbonyl 

group. 

Xi is defined as X* and 

(d) is a radical of the formula (II): 

X3-L-(Y) k -P, (II) 

in which . * 

P, is a group which can be polymerized by free radicals; 

Y and Xa independently of one another are a bivalent radical which contains at least one 

carbonyl group; 
kts0or1;and 

L is a bond or a divalent radical having up to 20 C atoms of an organic compound. 
A polysiloxane segment (a) is derived from a compound of the formula (III): 
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I 



(in) 



n 



in which n is an integer from 5 to 500; 

99.8-25% of the radicals R,, R 2 , Fb. R4, Rs and R s independently of one another are alkyl 

and 0.2-75% of the radicals R t , R 2 , R3. R*. R 5 and Re independently of one another are 

partly fluorinated alkyl, aminoalkyl, alkenyl, aryl, cyanoalkyl, alk-NH-alk-NH 2 or 

alk-fOCHJm-fOCHJp-ORr. 

R 7 is hydrogen or lower alkyl, alk is alkyiene, and 

m and p independently of one another are an integer from 0 to 10, one molecule containing 
at least one primary amino or hydroxy! group. 

The alkylenoxy groups -(OCHaCHJm and -(OCH^p in the siloxane of the formula (III) are 
either distributed randomly in a ligand aJk-fOCHaCHjJn^OCHJp-OR? or are distributed as 
blocks in a chain. ' 

A polysiloxane segment (a) is linked a total of 1 -50 times, preferably 2-30 times, and in 
particular 4-10 times, via a group 2 with a segment (b) or another segment (a) ( Z in an 
"a-Z-a* sequence always being a segment (c). The linkage site in a segment (a) with a 
group Z is an amino or hydroxy! group reduced by one hydrogen. 

In a preferred embodiment a polysiloxane segment is derived from a compound of the 
formula (ill) In which the radicals Ri, R*. R3. R4. Rs and R« are a total of 1-50 times, more 
preferably 2-30 times, and in particular 4-10 times, independently either terminally or 
pendently aminoalkyl or hydroxyalkyl, the other variables being as defined above. 

In a preferred embodiment, a polysiloxane segment is derived from a compound of the 
formula (III) in which 95-29% of the radicals R,, R 2 , Ra, R», Rs and FU independently of one 
another are alkyl and 5-71% of the radicals R,, R 2 , Rj. R4, Rs and R s independently of one 
another are partly fluorinated alkyl. aminoalkyl. alkenyl. aryl. cyanoalkyl. alk-NH-alk-NH 2 or 
alMOCHjCHjMOCHaJp-OR;. and in which the variables are as defined above. 

In a preferred meaning, n is an integer from 5 to 400. more preferably 10 to 250 and 
particularly preferably 1 2 to 1 25. 
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In a preferred meaning, the two terminal radicals R, and FU are aminoalkyl or hydroxyalkyl, 
the other variables being as defined above. 

In another preferred meaning, the radicals FU and R 5 are 1-50 times, more preferably 2-30 
times and in particular 4-10 times pendently aminoalkyl or hydroxyalkyl and the other 
variables are as defined above. 

ti 

In another preferred meaning, the radicals R,. R 2 . Ra. R4. R* and R* are a total of 1 -50 
times, more preferably 2-30 times and in particular 4-10 times, independently both 
terminally and pendently aminoalkyl or hydroxyalkyl and the other variables are as defined 
above. 

* 

If Z is X,. X, is a bivalent group which contains at least one carbonyl group. A carbonyl 
group mentioned is flanked in any manner, if appropriate, by -0-. -CONH-. -NHCO- or -NH-. 

Examples of bivalent groups Z are typically carbonyls. esters, amides, urethanes. ureas or 
carbonates. 

, X, is preferably an ester, amide, urethane or urea group, in particular an ester or amide 
group. 

X, is defined in the same way as X, and is preferably an ester, amide, urethane. carbonate 
or urea group, more preferably an ester, amide, urethane or urea group and in particular an 
amide, urethane or urea group. 

If Z in formula (I) Is X„ a polyol segment b is preferably understood as meaning a polyol 
derived from a carbohydrate, carbohydrate monolactone or carbohydrate dilactone. A 
carbohydrate is understood as meaning a mono-, dh tri, tetr a -. oligo- or potysacchande. A 
carbohydrate .actone Is understood as meaning the lactone of an aldonlc or uronrc mL An 
aldonic or uronic acid is. for examples carboxytic acid formed by oxidation of a mono, *. 
Ui- tetra, otigo- or porysacchande. Examples of aldonic acid lactones are gluconolactone. 
gauctonolactone. lactobiondactone or maltoheptaonolactone: examples of 
lactones are glucuronic acid lactone, mannuronic acid lactone or ,duron,c acd lactone. An 
example of a carbohydrate dilactone Is D-glucaro-1 ,4:6.3-dilactone. 
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A carbohydrate lactone reacts, for xample. with a primary amino group or a hydroxyl group 
of segment (a) to form a covalent amide or ester bond of the type X,. Such linkages are the 
constituent of a further preferred embodiment of macromers according to the invention. 
Such macromers have an alternating distribution of segments of type (a) and (b) wh.ch are 
interrupted by Xi. 



This 



is embodiment of the invention preferably relates to a macromer of the formula (IV): 



*1— 7 



(IV) 



in 



which the variables are as defined above. 



An embodiment of the invention furthermore preferably relates to a macromer according to 
formula (V): 

a — * X 1 — b) Q 

< d >x (V) 
in which the polysiloxane segment (a) contains q pendent ligands. 

a tes Average numerical value of 1 -20. preferably 1 -1 0, and in particular 1 -5 and 
the segments (b) in a macromer according to the formula (V) are .inked in total (per 
molecule) with up to 20, preferably with up to 1 5. and in particular with up to 6 
polymerizable segments (d). 

An embodiment of the invention fcnhermore preferably -elates » a corner acceding to 

* * 

formula (VI): 



Wx (VI) 

in which a linear sequence is present. 

; Average numeric*, v„ue o, ,20. preterm MO. and in particular -5. 
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* * 

and the segments (b) in a macromer according to the formula (VI) are linked in total (per 
molecule) with up to 20, preferably with up to 15. and in particular with up to 6 
polymerizable segments (d). ^ 

An embodiment of the invention furthermore very preferably relates to a macromer 
according to formula (VII): 



b X-,— a X 1 b 



(VII) 



in which x is 0, 1 or 2, and 

the average number of segments (d) per molecule of the formula (VII) is preferably in the 
range from 2 to 5, and very preferably is in the range from 3 to 4. 

A polyol segment (b) is derived from a polyol which carries no lactone group if the group Z 
is a segment (c). Examples of such polyols are a 1 ,2-polyol, for example the reduced 
monosaccharides, for example mannitol. glucitol, sorbitol or iditol, a 1.3-polyol. for example 
polyvinyl alcohol (PVA), which is derived from partly or completely hydrolysed polyvinyl 
acetate, and furthermore amino-terminal PVA telomere, aminoporyols. aminocyclodextrins, 
arninomono-, -di-, -tri-, -oligo- or -polysaccharides or cyclodextrin derivatives, for example 
hydroxypropylcyclodextrin. An abovementioned carbohydrate dilactone can be reacted, for 
xample. with preferably 2 equivalents of an amino-terminal PVA telomer to give a polyol 
macromer which carries, in the central part, the carbohydrate compound derived from the 
dilactone. Such polyols of this composition are likewise understood to be a suitable polyol. 

As illustrated in formula (I), a segment (b) carries at least one vinylic polymerizable segment 
(d). a linkage of a segment (d) via the bivalent radical X, thereof to an amino or hydroxy! 
group, of a segment (b). reduced by a hydrogen atom being intended. 

* 

A vinylic polymerizable segment (d) is incorporated erther terminally or pendently preferably 
1-20 times, more preferably 2-15 times, and in particular 2-6 times, per macromer molecule 
according to the invention. 
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A vinylic polymerizable segment (d) is incorporated terminally and also pendentiy as desired 
(as a terminal/pendent mixture) preferably 1-20 times, more preferably 2-15 times and in 
particular 2-6 times, per macromer molecule according to the invention. 

A group Pi which can be polymerized by free radicals is/for example, alkenyl, aikenylaryf or 
alkenylarylenealkyi having up to 20 C atoms. Examples of alkenyl are vinyl, allyi. 1-propen- 
2-yI, 1-buten-2- or -3- or -4-yl, 2-buten-3-yl and the isomers of pentenyl. hexenyi, octenyl, 
decenyl or undecenyl. Examples of alkenyfary] are vinyiphenyl, vinyinaphthyior allylphenyl. 
An example of alkenylarylenealkyi is vinyl benzyl. 

p, is preferably alkenyl or alkenylaryl having up to 12 C atoms, more preferably alkenyl 
having up to 8 C atoms and in particular alkenyl having up to 4 C atoms. 

L is preferably alkylene, arylene. a saturated bivalent cycloaliphatic group having 6 to 20 
carbon atoms, arylenealkylene. alkylenearylene. alkylenearylenealkylene or 
arylenealkylenearylene. In a preferred meaning, L furthermore is preferably a bond. 

In a preferred meaning. L is a divalent radical having up to 12 C atoms, and more preferaWy 
a divalent radical having up to 8 C atoms. In a preferred meaning. L furthermore is alkylene 
or arylene having up to 12 C atoms. A very preferred meaning of L is lower alkylene. in 
particular lower alkylene having up to 4 C atoms. 

Y is preferably a carbonyl. ester, amide or urethane group, in particular a carbonyl. ester or 
amide group, and very preferably a carbonyl group. 



In 



another preferred meaning, Y is absent, i.e., k Is 0. 



In a preferred meaning. X, is a urethane. urea, ester, amide or carbonate group, more 
preferably a urethane, urea, ester or amide group, and in particular a urethane or urea 

group. 

A vinylic polymerizable segment (d) is derived, for example, from acrylic acid, methacrylic 
acid methacryloyl chloride. 2-isocyanatoethyl methacrylate (I EM), allyl isocyanate. vinyl 
isocyanate. the isomeric vinylbenzy! isocyanates or adducts of hydroxyethyl methacrylate 
(HEM A) and 2.4-tolylene diisocyanate (TDI) or isophorone diisocyanate (IPDI). in particular 
the 1:1 adduct. 
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The invention furthermore preferably relates to a macromer in which a segment (d) is 
incorporated either terminally or pendently or as a terminal/pendent mixture 5 times. 
The invention furthermore preferably relates to a macromer in which a segment (d) is 
incorporated terminally 5 times.. 

* * 

The diradical R is, for example, alkylene, aryiene, alkyienearylene, arylenealkylene or 
arylenealkylenearyiene having up to 20 carbon atoms, a saturated bivalent cycloaliphatic 
group having 6 to 20 carbon atoms or cycloalkylenealkylenecycloalkylene having 7 to 20 
carbon atoms. 

In a preferred meaning, R is alkylene, aryiene, alkyienearylene, arylenealkylene or 
arylenealkylenearyiene having up to 14 carbon atoms or a saturated bivalent cycloaliphatic 
group having 6 to 14 carbon atoms. 

In a preferred meaning, R is alkylene, aryiene, alkyienearylene or arylenealkylene having up 
to 14 carbon atoms, or a saturated bivalent cycloaliphatic group having 6 to 14 carbon 
atoms. In a preferred meaning, R is alkylene or aryiene having up to 12 carbon atoms, or a 
saturated bivalent cycloaliphatic group having 6 to 14 carbon atoms. 

In a preferred meaning, R is alkylene or aryiene having up to 10 carbon atoms, or is a 
saturated bivalent cycloaliphatic group having 6 to10 carbon atoms. 

In a very preferred meaning, a segment (c) is derived from a diisocyanate, for example from 
h xane 1 ,6-diisocyanate, 2,2,4-trimethylhexane 1 ,6-diisocyanate, tetramethylene 
diisocyanate, phenylene 1 ,4-diisocyanate, toluene 2,4-diisocyanate, toluene 2,6- 
diisocyanate. m- or p-tetramethylxyiene diisocyanate, isophorone diisocyanate or 
cydohexane 1 ,4-diisocyanate. 

A preferred embodiment of segment (c) is furthermore derived from a diisocyanate in which 
the isocyanate groups have different reactivities. The different reactivity is influenced, in 
particular, by the spatial requirements and/or electron density in the neighbourhood of an 
isocyanate group. 

The average molecular weight of a macromer according to the invention is preferably in the 
range from about 300 to about 30,000. very preferably in the range from about 500 to about 
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20.000. more preferably in the range from about 800 to about 12.000. and particularly 
preferably in the range from about 1000 to about 1 0,000. 

A preferred embodiment of the macromer has a segment sequence of the formula (VIII); 

b^Z-a-fc-a^fZ-b), (VIII) 

in which r is an integer from 1 to 10, preferably from 1 to 7, and in particular from 1 to 3; 
t is 0 or 1 , and preferably 1 ; 

a linear (c-a) chain which may or may not be terminated by a segment (b) is present (t=1); 
and the above preferences apply to the total number of segments (d), which are preferably 
bonded to a segment (b). 

A preferred embodiment of the macromer has a segment sequence of formula (IX): 

b-Z-a-{c-a-(Z-b)4, (IX) 

in which the sequence (c-a)-(Z-b), hangs pendently r times on the segment (a) and may or 

may not be terminated by a segment (b); 

r is an integer from 1 to 10, preferably from 1 to 7, and in particular from 1 to 3; 

t is 0 or 1, and is preferably 1; 

Z is a segment (c) or a group Xi; and 

the above preferences apply to the total number of segments (d), which are preferably 
bonded to a segment (b). 

Another preferred embodiment of the macromer has a segment sequence of formula (X): 

b-c-{a-c},-B (X) 

in which s is an integer from 1 to 10. preferably from 1 to 7, and in particular from 1 to 3; 
6 is a segment (a) or (b); and 

the above preferences apply to the number of segments (d). which are bonded to a 

* 

segment (b). 

Another preferred embodiment of the macromer has a segment sequence of the formula 
(XI): 
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B-(c-b),-Z-a-(b), (XI) 
in which the structures are linear. 

s is an integer from 1 to 10, preferably from 1 to 7, and in particular from 1 to 3; 
B is a segment (a) or (b); 
t is 0 or 1 , and 

the above preferences apply to the number of segments (d), which are bonded to a 
segment (b). 

The ratio of the number of segments (a) and (b) in a macromer according to the Material "C* 
embodiment of the invention is preferably in a range of (a):(b)=3:4, 2:3, 1:2, 1:1. 1:3 or 1:4. 

The total sum of segments (a) and (b) or, where appropriate, (a) and (b) and (c) is in a 
range from 2 to 50, preferably 3 to 30. and in particular in the range from 3 to 12. 

Alkyl has up to 20 carbon atoms and can be straight-chain or branched. Suitable examples 
include dodecyi. octyl, hexyi. pentyl. butyl, propyl, ethyl, methyl, 2-propyl. 2-butyl or 3-pentyl. 

j 

Arylene is preferably phenyfene or naphthylene. which is unsubstituted or substituted by 
tower alkyl or lower alkoxy, in particular 1 ,3-phenylene. 1 ,4-phenylene or methyl-1 ,4- , 
phenylene; or 1 ,5-naphthyJene or 1 ,8-naphthylene. 

Aryi is a carbocyclic aromatic radical, which is unsubstituted or substituted by preferably 
lower alkyi pr lower alkoxy. Examples are phenyl, toluyi, xyiyl. methoxyphenyl. t-butoxy- 
phenyl, naphthyl or phenanthryl. 

A saturated bivalent cycloaliphatic group is preferably cydoalkylene. for example 
cyclohexylene or cydohexyiene-lower alkyiene. for example cydohexylenemethylene, which 
is unsubstituted or substituted by one or more lower alkyl groups, tor example methyl 
groups, for example trimethylcyclohexylenemethyiene, for example the bivalent isophorone 

radical. 

The term "lower" in the context of this invention in connection with radicals and compounds, 
unless defined otherwise, means, in particular, radicals or compounds having up to 8 
carbon atoms, preferably having up to 4 carbon atoms. 
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Lower alkyl has, in particular, up to 8 carbon atoms, preferably up to 4 carbon atoms, and 
is. for example, methyl, ethyl, propyl, butyl, tert-butyl, pentyl. hexyl or isohexyl. 

Alkylene has up to 1 2 carbon atoms and can be straight-chain or branched. Suitable 
examples include decylene, pctylene, hexylene. pentylene. butylene. propylene, ethylene, 
methylene. 2-propylene. 2-butylene or 3-pentylene. 

Lower alkylene is alkylene having up to 8. and particularly preferably having up to 4 carbon 
atoms. Particularly preferred examples of lower alkylenes are propylene, ethylene and 
methylene. 

The arylene unit of alkylenearylene or arylenealkylene is preferably phenylene, which is 
unsubstituted or substituted by lower alkyl or lower alkoxy, and the alkylene unit of this is 
preferably lower alkylene, such as methylene or ethylene, in particular methylene. Such 
radicals are therefore preferably phenjrlenemethylene or rnethylenephenylene. 

Lower alkoxy has, in particular, up to 8 carbon atoms, preferably up to 4 carbon atoms, and 
is, for example, methoxy, ethoxy, propoxy, butoxy, tert-butoxy or hexyloxy. 

Partly fluorinated alkyl Is understood as meaning alkyl in which up to 90%, preferably up to 
70%. and in particular up to 50%, of the hydrogens are replaced by fluorine. 

Arytenealkylenearylene is preferably phenylene-lower alkyiene-phenylene having up to 8. 
and in particular having up to 4 carbon atoms in the alkylene unit, for example 
phenylenethylenephenylene or phenylenemethylene'phenylene. 

A monosaccharide in the context of the present invention is understood as meaning an 
aldopentose. aldohexose, aldotetrose. ketopentose or ketohexose. 

Examples of an aldopentose are D-ribose, D-arabinose, D-xylose or D-lyose; examples of 
an aldohexose are D-allose. D-altrose, D-glucose, D-mannose, D-gulose. D-idose. D- 
galactose. D-talose. L-fucose or L-rhamnose; examples of a ketopentose are D-ribulose or 
D-xylulose; examples of a tetrose are D-erythrose or threose; and examples of a 
ketohexose are D-psicose. D-fructose. D-sorbose or D-tagatose. Examples of a 
disaccharide are trehalose, maltose, somaltose. cellobiose. gentiobiose. saccharose, 
lactose chitobiose. N.N-diacetylchitobiose. palatinose or sucrose. Raffinose. panose or 
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maltotriose may be mentioned as an example of a trisaccharide. Examples of an 
oligosaccharide are mattotetraose, maftohexaose, chitoheptaose and furthermore cyclic 
oligosaccharides, such as cyclodextrins. 

Cyclodextrins contain 6 to 8 identical units of a-1 ,4-gIucose. Some examples are a-, p- and 
Y -cyclodextrin, derivatives of such cyclodextrins, for example hydroxypropylcyclodextrins, 
and branched cyclodextrins. 

The macromers according to this embodiment of invention can be prepared by processes 
known per se t for example as follows. 

* 

In a first step, a polysiloxane containing at least one primary amino- or hydroxyalkyi 
group is reacted with a carbohydrate lactone, an amide or ester bond being formed and a 
compound of the formula (Xlla) or (Xllb) being formed: 

(a-Z-b) q (Xlla) 
a-(Z-b), (Xllb) 

in which the variables are as defined above and Z is a group X,. 

after which the compound (XII) is reacted with an unsaturated polymerizabJe compound of 

the formula (XIII): 

XH.-OVP1 ( xjn ) 

in which X*is a group which is coreactive with a hydroxyl or amino group of segment (b), 

an X» group of a segment (d) according to formula (II) being formed from such a reaction. 

where X* is preferably -COOH. -COOR, 0 , -COCI or -NCO, in which 

R 10 is alkyi. or is aryl which is unsubstituted or substituted by lower alkyi or tower alkoxy, 

and the other variables are as defined above. 

after which a macromer according to the formula (IV) or (V) is formed 

X« — b «— fX,—rb) q 

1 I (IV) I • M 



(d) 



x 



in which the segments (d) are incorporated terminally or pendently 
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Another process starts from a polysiloxane (a) which contains terminal primary amino- or 
hydroxyalkyi groups and is reacted with a carbohydrate dilactone to form linear structures 
of the formula (XIV): 



a — X 1 — t>V- 

(XIV) 



in which the variables are as defined and preferred above, after which a compound of the 
formula (XIV) is reacted with a compound of the formula (XIII) analogously to the above 
process to give a macromer of the formula (VI): 



a — X 1 — b^- 
I 

(d) * (VI) 
in which the variables are as defined and preferred above. 

Another process starts from apolysiloxane (a) which contains terminal primary amino- or 
hydroxyalkyi groups and is initially reacted with a bifunctional compound of the formula 

(XV): 

XrR-X* (XV) 

in which X, is a group which is coreacthre with a hydroxyl or amino group of segment (a), 
an X 2 group of a segment (c) being formed from such a reaction, where X, is preferably 
-COOH. -COOR 10 . -COa or -NCO. in which R 10 is alkyl. or aryl which is unsubstituted or 
substituted by lower alkyl or lower alkoxy. and R is as defined above, 
after which this intermediate is reacted with a polyol which carries no lactone group to grve 
a compound of the formula (XVI): 

b-c-{a-c}.-b (XVI) 

in which the variables are as defined and preferred above, after which the compound of the 
formula (XVI) is reacted with a compound of the formula (XIII) to give a macromer of the 
formula (X): 
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b-c-{a-c},-B (X) 

in which s is an integer from 1 to 10. preferably from 1 to 7, and in particular from 1 to 3; 
B is a segment (a) or (b); and the above preferences apply to the number of segments (d) 
which are bonded to a segment (b). 

Another process starts from a bifunctional compound of the formula (XV) : 

* 

X4-R-X4 (XV) 

which is reacted with an excess of polysiloxane (a) to give an -a-(c-a) ( - sequence, in which 
the above meanings apply, after which, in a second step, the intermediate is reacted with a 
polyol which carries no lactone to give a compound of the formula (XVII): 

b-Z-a-fc-a^Z-b (XVU) 

after which the compound (XVII) is reacted with the compound (XIII) to give a macromer of 
the formula (VIII): 

b-Z-a-{c-a}r(Z-b), < vn| ) 

in which r is an integer from 1 to 10. preferably from 1 to 7. and in particular from 1 to 3; t is 
0 or 1 and Is preferably 1 ; In which a linear (c-a) chain, which may or may not be term.nated 
by a segment (b). is present (t=1); and the above preferences apply to the total number of 
segments (d). which are preferably bonded to a segment (b). 

Another process starts from a carbohydrate lactone which is reacted in a first step with a 
compound of the formula (XIII). the lactone function being retained, after which the 
intermediate is reacted with a polysiloxane containing at least one amino or hydroxy! group 
to give a compound of the formula (IV) or (V): 



*1— * 



(IV) 



a— (X 1 — b) q 
(d)x 



(V) 



WO 96/3 1792 



?CTfZP96mi6S 



-55- 



in which q is typically i or 2. and in which the above meanings and preferences otherwise 
apply, and the segments (d) are incorporated terminally or pendently. 

The present embodiment of the invention furthermore relates to the intermediates which are 
novel and which occur during synthesis of the macromers according to the invention. 

The invention therefore furthermore relates to a compound of the formula (Xlla): 

(a-Z-b), (Xlla) 

in which q is greater than 1 , 

(a) is derived from a polysiloxane as defined by formula (I) above and 

(b) is derived from a carbohydrate dilactone. 

An embodiment of the invention furthermore relates to a compound of the formula (Xllb): 

a-(Z-b), (Xllb) 

in which Z, (b) and q are as defined and preferred above, but with the proviso that a 
segment (a) is derived from a compound of the formula (III): 



i- 0») 



in which n is an integer from 5 to 500; 



in wnicn n e an iiticyoi — . , 

99 8 - 25% of the radicals R„ R* R* FU. and R. independently of one another are alky! 
and 02 ■ 75 % of the radicals R,. R 2 . R* fc. R* and R. independently of one another are 
partly fluorinated alkyl. aminoalkyl. alkenyl, aryl. cyanoalky!. alk-NH-Alk : NH 2 or 
alk-(OCH 2 CH 2 ) m -(OCH 2 ) p -ORr in which R 7 is hydrogen or lower alkyl. alk is alkylene and 
m and p independently of one another are an integer from 0 to 1 0. one molecule conta,n,ng 
at least one primary amino or hydroxy! group and at least one partly fluorinated alkyl group. 

The invention furthermore relates to a compound of the formula (XVI): 
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b-c-{a-c},-b (XVI) 

in which a segment (b) is derived from a potyol which carries no lactone and the other 
variables are as defined and preferred above. 

embodiment of the invention furthermore relates to a compound of the formula (XVII): 



An 



b-Z-a-{c-a}r-Z-b (XVII) 



in which a segment (b) is derived from a polyol which carries no lactone and the other 
variables are as defined and preferred above. 

A siloxane (a) containing at least one primary amino or hydroxyl group is, for example 
commercially obtainable. Examples are KF-6002, KF-8003, X-22-161 C (Shin Etsu) or GP4 
(Genesee). Other siloxanes can be synthesized with the aid of published processes. 

A DOlvol (b) required for the synthesis is as a rule commercially obtainable. Examples are 
^lactone or lactobionofcctone. Otterwise. they can be synthesfced wHh the « of a 

published process. 

* 

The compounds according to the invention can be prepared in the presence or absence of 
a sohrent A solvent which is .argely inert, i.e.. does not participate in the «W> 
ad^maoeousiy used. SuittHe examp.es of these are ethers, such as H*|M» 
ZT, Mmemoxyethane. Methylene glycol dimethyl ether or dioxane. haiogenated 
SEZ. suchl chloroform or me^ene cblond. brpo* agents, such as 
H acetone dirnethytforrnamide (DMF) or dimethyl sulfoxide pMSO), 

The reactants are advantageousty empioyed in stoichiometric amounts for hnrt. 
ImL compounds according to the invention: The reaction temperature can be. for 

mio-C to 1S0-C. The range from O'C to WO is a preferred temperature 
example, from -30 C to IK ^ ^ ^ ? days 

forming reactions, for example dibutyttin dilaurate (DBTDU). 
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The resent invention Mt«n« relates ,0 a polymer comprising . polymerization product 
I, „ M one maeromer according .o the invention as denned above and. * appropna.e. a. 

least one vinylic comonomer (a). 

The preferred composition of a polymer according to the invention comprises a weight 
«Lnt, wim respect to the tote, poiymer. of a macrome, according to the ««■*«"*• 
"„Te *om 1 00 to 0.5%. in partcular in the range from 80 to 10%. and preferably ,n the 
range from 70 to 30%. 

,„ a preferred polymer comprising a porymerization Product of a, least one maeromer 
according to the invention, comonomer (a) is absent and the polymer . preferably a 

homopolymer. 

A comonomer (a) which is contained in a polymer according to me invent™ . car , be 
hydrophiiic or hydrophobic or a mi*ure of bom. Suitable comonomers .clud^n partcuiar. 
Jose which are usually used for the preparation of contact lenses and b«>med,cal 

materials. 

A hydrophobic comonomer la) is understood as meaning " 
a hlo^lymer. poiymers which are water-insoiuble and can absorb less man 10* by 

weight of water. 

Analcoously a hydrophiiic comonomer (a) b understood as meaning a ~ r 

- • ■• ^ er «** b " a,e, " solubte °' 

1 0% by weight of water. 

- /«\ inHndP without this list being exhaustive, Ci-C.ia.kyl 
MM* hydrophobic comonomer* ' 1(les ^ .^ethacryl- 

and CCcydoalkyl achates and memactfate*. c , |hal0 . 
amides. acrytonMe, methacrytonMe, vinyl ^ 

pemuoroa Whiocarbonytaminoethy, abates — ^^d, fumaric 
. m e«a,*,silo*nes 

STSSSi- 0. carbolic acids having up , . carbon atom, 
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Exam** of suitable hydrophobic comonomers (a) include methyl acrytate. ethyl acrylate. 
^oTacUe isopropy. achate, isobutyl acrylate (.BA). fcoocty. acry.ate (OA,, .sodecy 
^1 cydoU acryfcte, 2-ethy.hexy! acrylate (EHA). methyl methane, ethyl 
l^acite pnpyl methactfate, butyl acrylate. vinyl acetate, vinyl propionate, vmyi 
™J1 ^ valeL, styrene. chloroprene, vinyl ch.oride. vinyiidene chloride , acry^.e. 
T^ne butadiene, methaoy.onKri.e. vinyl toluene, viny. thyl ether, perfluorohe^ 
l^iocarbonylaminoethyi methacrylate. isobomylmethacrylate.trifluoroethy.meth- 
22 ^Clmisopropy. methane, hexafluorobu* (meth)acryfcte (HPBMA and 
HFBA) ^-trimethytsilyioxy-si^propyi methacrylate CTR.S). 3-methacry.oxypropylpenta- 
methyldisiloxane and bis(methacryloxypropyl) tetramethyldisiloxane. 

Preferred examples of hydrophobic comonomers (a) are methyl methacrylate. IBA. HFBA. 
HFBMA, OA, EHA, DA, TRIS and acrylonitrile. 

Suitable hydrophilic comonomers (a) include, w*hout this M being 

lower alkyi acrylates and methacrylates, acrylamide, methacrylamide. lower 
%^*ZL«*«~ ethoxylated achate, and 
£££ ^er a, ^amides and .me^amides, ^^^T^ 
«**m sodium vinyisurfonate, sodium styrenesutfonate, ^rn.d^-rnethyl 

^pT— a^ 

,- ^n* 9 and 4-vinvipyridine. vinylically unsaturated carboxyiic aaas naving 

^CXrI"wer Were me tern, W afco includes 
Mai of 3 to 5 carbon a • ^ ^ ^ alkytamino-lower 

M atL and me like. Preferred comonomers .re. to 
T^SS^T^ n~an.de. ,ower 
example. N-vnyi 2 P^*> ^ Lroxyl-subsSMed tower alkylactfamides and -mem- 



atoms. 



^iiacua\ HimemvlaminMmyl memacrytamide, acrylamwe. meind r 

-o, *- — ^ «■ • 
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^e^-a-cxobu^ac^amide. N.viny,.2.pyrro,idone ,NVP,. acylic acid, methane acid 

and the like. 

Preferred hydrophilic comonomers (a, are 2-hydroxyethy. m W,e dimem^inoethy, 
Lta^ate. trtmemylammonium^hydroxypropy, methane hydride. * 
dimethytacrylamide and N-vinyl-2-pyrrolldone. 

, in „ Bn lion are built up in a manner known per se from the 
^ powers ' * ^ - J . ^ accor(ling t0 

r^^nril * which the exper, Is far*, Usu*a 
!I e " ; atoned monomers is heated, wtm the addfcon o, an agent wh,ch 
nwtureottne torms free rad icals is. for example, 

We «AW p£L peroxodisufcte. « peroxHe. hydros 

^deTs~^ 

radicals are men formed, by hon»,ysis. and can men. for example. ,n*a.e a 
polymerization. 

^•■lariv oreferably be carried out using a photoinitiator. 
A ^^L^SXZ. For photopol^o, a photoinHator 

^T^Z^lEl far*, .0 me expert, and spe** suHac* 
suitably added. Examples «n ox ^ oh9xyl phe „^ ketone and Darocur 

~ ~ ^ iXXocur 29*3 . Readme gators 
and irgacur types. , „„ or can be used as a spedal 

^ Cruris 0, mese are „ be found in HP 632 3*. - 
comonomer (a) are also su ^ fo[ examp|e „ ghti ,„ 

photopolymerteatJon can men be * nts ^ * 

particular UV light of a suitable wavelength. The spectra, req 
at Igly. » appropriate, by addHion of su*ab.e photosensors. 

• w in the oresence or absence of a solvent. Suitable 
Portion - me monomers used, for example water, 

solvents are ,n pnnaple aU s*enu ^ 
alcohols, such as lower alkanols. for lvenls , such a s 

- am.es. ^^^^Z ^ . 
dimethyl sulfoxide or methyl ethyl keton* d i m e,hoxyethane or dioxane. 

Hydrocarbons, for example to^ene and als0 mMu res o, suitable 

and halogenated hydrocarbons, for examp 
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solvents. for example mixtures of water with an alcohol, for example a water/ethanol or a 
water/methanoi mixture. 

If appropriate, a polymer network can be intensified b/addition of a so-caJled crosslinking 
agent for example a polyunsaturated comonomer (b). The invention furthermore relates to 
a polymer comprising the polymerization product of a macromer according to the invention 
with, if appropriate, at least one vinylic comonomer (a) and with at least one comonomer (b). 

Examples of typical comonomers (b) are. for example, allyl(meth)acry1ate, lower alkylene 
glycol di(meth)acrylate. poly lower alkylene glycol di(meth)acry1ate, lower alkylene 
di(meth)acrylate. drvinyl ether, divinyl surfone. di- or trivinylbenzene. trimethylolpropane 
tri(meth)acryiate, pentaerythritol tetra(meth)acrylate. bisphenol A di(meth)acryiate. 
methylenebis(meth)acrylamide. triallyl phthalate or diallyl phthalate. 

The amount of comonomer (b) used is expressed in the weight content with respect to the 
total polymer and is in the range from 20 to 0.05 %. in particular in the range from 10 to 
0.1%. and preferably in the range from 2 to 0.1 %. 

4. "Material D" 

Another advantageous embodiment of the present invention relates to the use of a 
^le^ontaining macromer which * formed from a pory(dia,ky,saoxane) dia.koxyalkano. 
having the following structure: 



?5 



HO fyORj Si 



Re 



OSi- 



R 8 



R30R4 



OH 



n 



wbere n * an Wage, from about 5 to about 500, prefarabty about 20 to 200. more 

C-C mora prelerabiy C-C aikylene, wherein in a *"* 

umJL o. carbon atoms in B, and R, or in R, and ft is graatar «n * and 
ftR. R, and R. are, independent* o, one another, lower aikyl. pre.arabiy CC ** 

more preferably'Ci-Cs altyl- 
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The general structure of the Material D macromer follows: 

ACRYLATE - LINK - ALK - O - ALK - PDAS - ALK - O - ALK - UNK - ACRYLATE 

where the ACRYLATE is selected from acrylates and methacrylates; UNK is selected from 
urethanes and diurethane linkages. ALK - O - ALK is as defined above (R,-0-R 2 or 
R3-OR4), and PDAS is a poly(diaJkylsiloxane). 

For example, a Material D macromer may be prepared by reacting isophorone diisocyanate. 
2-hydroxyethyl (meth)acrylate and a poly(dialkylsiloxane) dialkoxyalkanol in the presence of 

a catalyst. 

A preferred Material D macromer may be prepared by reacting a slight excess of 
isocyanatoalkyl methacrytate, especially isocyanatoethyl methacrylate (1EM), with a 
poly(dialkylsiloxane) dialkoxyalkanol. preferably poly(dimethylsiloxane) dipropoxyethanol. in 
the presence of a catalyst, especially an organotin catalyst such as dibutyttin dilaurate 
(DBTL). The primary resulting structure is as follows: 



100 



ft 



•Sr- 



«6 



OSi- 



,R 3 0n 4 R 200 



wherein R,oo'and R^o are defined as follows: 

RlOO- 



1200- 



H2C=C 



•N< 



H 



C 

OCN R n - 

H 



O C — C=CH 2 



R, and R„ are alkyiene; preferably C„ alkylene. more preferably etoylene; and R„ 



where 

and R« are methyl of hydrogen 



The -Materia, D" prepoiymer mMure may be formed by mixing toe a.o— - ~. 

, nm *r with one or more hydrophilic monomers and a thermomrtiator or a 

1 1 - -ve, sue* as — is preferabiy add. ,o 
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homogenize the mixture. Preferably, an appropriate amount of TRIS is added to lower the 
modulus of elasticity to a desired level. The ionoperm monomer or monomers may be 
selected from any of the aforementioned ionoperm or hydrophilic monomers. Preferably, 
the ionoperm monomer is selected from the group consisting of acrylates. methacrylates. 
acrylamides. methacrylamides and mixtures thereof. More preferably, the ionoperm 
monomers are selected from dimethylacrylamide (DMA) and methacrylic acid (MAA). 

A preferred -Material D" prepolymer mixture, in weight percentages based on total mixture 
weight includes about 35 to 60% Material D macromer; about 6 to 25% TRIS; about 15 to 
35% ionoperm monomer; about 0.1 to 1% photoinrtiator; and about 10 to 20% solvent. A 
more preferred 'Material D" prepolymer mixture, in weight percentages based on total 
mixture weight, includes the following: about 40 to 55% Material D macromer; about 8 to 
1 6% TRIS- about 20 to 30% dimethylacrylamide; about 0.2 to 2% methacrylic add; about,. 
0 1 to 1% photoinitiaton and about 10 to 20% solvent. A particularly preferred "Material D' 
prepolymer mixture, in weight percentages based on total mixture weight, includes the 
following- about 44 to 50% Material D macromer; about 10 to 12% TRIS; about 22 to 26% 
dimethylacrylamide; about 0 to 1 % methacrylic acid; about 0.2 to 0.6% photoinrtiator. and 
about 1 0 to 20% solvent / 

The prepolymer mixture may be formed into lenses and other ophthalmic devices by any of 
a number of techniques known in the art and disclosed herein. Preferably, the prepolymer 
mixture is conveyed into a concave half of a lens mold, the convex mold half is mated wrth 
the concave mold half, and an appropriate amount of radiation is applied to inflate 
polymerization. While ultraviolet (UV) radiation is preferred, a number of other energy 
sources known in the art and disclosed herein may also be used. 

The Material D ophthalmic lens is preferably a polymerization product of the following 
^cromeric and lomeric components, based on total weight of porymerizab.e matena,: 

(a) about 45 to about 65 percent Material D macromer; 

(b) about 5 to about 25 percentTRISrand 

(c) about 20 to about 40 percent ionoperm monomer. 

The Material D ophthalmic lens is more preferably a polymerization product of the fo.lowing 
^^^1— components, based on total weight of polymery matena,: 

(a) about 50 to about 60 percent Material D macromer; 

(b) about 10 to about 20 percent TRIS; and 
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• 

(c) about 25 to about 35 percent ionoperm monomer. 



in a preferred embodiment, the Material D ophthalmic lens is a polymerization product of the 
following macromeric and monomeric components, based on total weight of po.ymerizab.e 

material: 

(a) about 50 to about 60 percent Material D macromer; 

(b) about 1 0 to about 20 percent TRIS; 

(c) about 25 to about 35 percent DMA; and 

(d) up to about 2 percent MAA. 

in another preferred embodiment, about 0.2 to 1.0 weight percent MAA is used, together 
with the components (a), (b) , and (c) in the above-cited amounts. 



m np| rrH*, uir ai t v COMPATIBLE SURFACES 

The ophthalmic lenses of the present Invention have a surface which is biocompatible with 
ocular tissue and ocular fluids during the desired extended period of contact. In one 
prefetred embodiment, the ophthalmic lenses of the present invention include a core 
■material, as defined above, surrounded, at least in part, by a surface which a more 
ZZ «c and Hpophobic than the core materia,. A hvdroohilic 
, Enhance the compatibility of the lens with the ocular tissues and tear flu,ds. As surface 
yd« i-eases, undesirabie attraction and adherence o, ,ip,s - J— " 
Ittex typically decreases. There are factors other than surface frHpMtt. such as 
^notgiJresponse. w«ch may conb*ute to depo* accum^n on Jh^. 
Deposition of lipids and proteinaceous matter causes haze on the lens, thereby reduang 
^Tctrny. P—us deposes may a>so cause other problem, such as »^on to 
Teeye After extended periods of continuous or intermittent wear, the lens mus be^ 
!'„ from the eye for cleaning. I.e., deposit removal. Therefore, increased surface 

Z — nt lotions in depos«s o, biological ma„er. .lows increased 

wear time. 

^oc- « used herein refers to processes to render a surface 
•Surface treatment process s - ^ liquid . and/or 

more ^^^ e Z^ 0 -«ng is applied to me surface o, an 
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nature (a g electrostatic charge) of chemical groups on the surface of an article are 
altered, or (4) the surface properties of an article are otherwise modified. 

There are a variety of methods disclosed in the art for rendering a surface of a materia. 
HLohilic For example, the lens may be coated with a .ayer of a hydrophi.ic potymenc 

a monomer of hydrophi,ic mater*. These coa.ng or grattng process 
!T2 Effected by a number of processes, induding v*hout lim^on thereto, expos ng 
"e^s * P.asma gas or immersing the lens in a monomeric soluton under appropnate 

conditions. 

Another set of methods of altering the surface properties of a lens involves treatment prior 

Tan S gas) a state elecWca, charge. irradMon. or other energy source; thereby 
^ing SSSL-o. m'odure immediately adiacen, me moid surface 
composition from the core of the prepolymerteation mature. 

A oreferred class of surface treatment processes are plasma processes^ which an ionized 
: r s aodie^me surface o, an arte*. Pfcsma gases and proc^condNions are 
r Z 1 eZ nUS. Paten, Nos. 4.312.575 and 4.632.M4. which are incorporated 
IZXZ™. Th. PUsma gas is prefer a m*ure of iower elKane* and n«roge, 
oxygen or an inert gas. 

... . ^ !ens fe nJasma treated in the presence of a mixture of (a) a 
ln a jarred ^ng of nfcoge, argon, «yge, 

^ ST^.CS*- em—, »e ,ens „ ..sma treated in the 
presence of a mixture of methane and air. 

IV. UTILITY 

A. Ophthalmic Lenses 

cnnwpd Doivmers can be converted into ophthalmic moldings in a 
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> ^ort ipr^ps for vision correction, contact lenses for eye color 



like. 



B. Contact Lenses 



^ K«H im «nt of the invention is directed to contact lenses which comprise 

"1 1 extreme* advantageous proves. 's^e 

.. Mr .xcellent compatibility wth the human cornea Of necessary alter su 
example, therr excellent compa jy ^ # ^ 

surface treatment (coabng)) an « ^ 

water ^^^J^** in high comfort and theabsence o, 

properties. Thrs ^J^T ^ favorable ^abnr* propels w» respect 
irrttaB0 „ and other component o. tear fluid «. gases (CO, 

t0 various sate, nulnen. d n0 e(fect , on me natural 

and <«. me novel contad .enses h ve no siloxanMonla in,ng contact 

rTLCir;— e e^r-wear lenses have chemical and mechan*. 
lenses, the present ■"•»». . undesifed binding effect. 

. musl be emphasfced tha, this balance ofp— 

combined «h me High oxygen P-^^J^U., swelling, thereby 
contact ,ens. The high ^^JZTZZ during periods of extended 
reducing me li^hood - « me 1 to move on the eye such ma. cornea, 
wear. The high ton permeabrlrty enables me .e i0(f 0 , 

comfortable over me penod of extend^ I wea ^ ^ 

no, cover any ^^J^Zl'Z^ interaction 
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ab0U t 12 to about 16 millimeters, more preferably about 13 to 15 mm. and most preferably 
about 13.5 to 14.8 mm. 

v . ..crunDS OF US " »« CYTFHDEP-WEAR LENSES 

T„e abov«l«=iibed ophthalmic lenses have specia! utility as extended-wear contact 
^Contact lenses having sufficient oxygen and water emission rates from, nne- 
JTcurve) to outer (from curve) surface may be continuously worn for long penods of 
L without substarrfa, cornea, swelling or wearer discomfort Tne 
includes (a) applying the lens to the eye and (b) allowing the lens to rema,n ,n ,nt mate 
^cTJftn me eye and tear ,uids for a pertod o, a. leas, 2 4 hours wHhou. subafcntal 
adverse impact on corneal health or wearer comfort. 

A referred method includes additional steps of (c) removing the lens from the ocular ^ 

» me lens (i.e.. disinfect or cleaning me .ens,; <e) re-app*ng th 

ZZZ£«r «t » » e ,enS * ' emaln " intima ' e * ^ ^ 

ITds Ja ^ C a. leas, an addtfona, 24 hours wHhou, subs.anW adverse impact on 

corneal health or wearer comfort. 

In a preferred embodiment the lens is worn for = us 

wanout substantial corneal swelling or wearer discomfort. In another preierr 

r!Tens is worn for a corrtnuous period o. a. leas, seven (7) days without 

of^least 30 days wimout subs^ntia. cornea, swelling or wearer dseornfor. 




, • m,v be manufactured, generally, by thoroughly mixing me oxyperm 
The ophthalmic lens may be manuiac. . y f m ^ ,„ a 

and ionoperm polymeria ma.erials. ^•jT'J „„„ CQnBt(d- , 
.ens mo, cav»y. and «ng polym ~ ^T^^Z^ . 



available photoinitiators fl.sc.oseo -- . . ■ , wel| 

. ~«~n Pnivmerization may be initiated oy a numu«i wi ^ 
aid in initialing polymeruaton. Polymerization m y ^ ^ 

techniques, which, depending on the polymenzable matenal. may 
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radiation such as microwave, thermal, e-beam and ultraviolet. A preferred method of 
initiating polymerization is by application of ultraviolet radiation. 

It has been discovered that the ion and/or water permeability of some of the 
aforementioned core materials may be increased by initiating and completing polymerization 
in an atmosphere which is substantially free of oxygen. Suitable gases which are readily 
commercially available include, without limitation thereto, nitrogen and carbon dioxide. 
Thus in a preferred embodiment, the oxyperm and ionoperm polymerizable materials are 
polymerized in an atmosphere having less than about 10000 ppm oxygen. More preferably, 
the atmosphere surrounding the polymerizable material contains less than about 1000 ppm 
oxygen. Even more preferably, the surrounding atmosphere contains less than about 100 
ppm oxygen, while the most preferred oxygen content. is less than about 20 ppm. 

In the aforementioned embodiment, the prepolymer mixture must be degassed prior to 
polymerization. The degassing may be accomplished by a number of techniques known in 
the art One technique for degassing the prepolymer mixture involves the use of a senes of 
freezing and thawing steps which are repeated until the appropriate gas concentration level 
is achieved in the prepolymer mixture. This freeze/thaw method involves cooling the 
prepolymer mixture until the mixture solidifies, applying a vacuum to the solidified 
prepolymer mixture, discontinuing the vacuum, and thawing the prepolymer mixture until the 
mixture is again in liquid form. While this degassing technique is advantageous in a 
laboratory setting, other degassing techniques known in the art may be more advantageous 
for commercial lens manufacturing processes. 

Alternatively, the atmosphere surrounding the lens mold may include oxygen, under certain 
conditions. For example. rf tine lens mold ha^es sea. adequately to °~ er .^ 
,ens mold material has a low rate of oxygen permeability (e.g.. polypropylene), rt ,s poss.We 
to polymerize a degassed prepo.ymer mixture in a mold surrounded by ambient a,r wrthout 
reaXg prepolymer oxygen concentrations sufficiently high to substantia.* reduce jon or 
Late ZLZZ of the final lens. Thus. Another preferred embodiment of doused 
n^ the ,ns is formed by »e following steps: (1 ) the prepolymer mixture ,s *£* 
» . lens mold haH is filled wim the prefer mixture, (3) the mold ha.ves are sealed to 

e another, and (4) the portion is initiated to form the ■« ^£ 
nalves are formed from a materia, having a low oxygen permeab.hty and steps ) may 
o^n the presence or absence of oxygen. In this embodiment, n is preferred that the 
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lens molds are stored in an inert substantially oxygen-free atmosphere, e.g.. nitrogen or 
carbon dioxide, prior to use. 

An essential feature of the manufacturing methods of the present innovative lenses is that a 
balance of high oxygen permeability and high ion permeability is achieved. Manufacturing 
techniques and conditions which result in lowering either the oxygen permeability or the ion 
permeability below levels sufficient to maintain good corneal health and on-eye movement 
during periods of extended wear are unacceptable to produce the innovative extended-wear 
contact lenses of the present invention. 

Preferably, the manufacturing method produces a contact lens having a DkA of at least 70 
barrers/mm and a lonoton Ion Permeability Coefficient of at least 0.2 x 10* cm 2 /sec. More 
preferably, the manufacturing method produces a contact lens having a DkA of at least 75 
barrers/mm and a lonoton Ion Permeability Coefficient of at least 0.3 x 10" 6 cm 2 /sec. The 
manufacturing method preferably provides a contact lens having a Dk/t of at least 87 
barrers/mm and a lonoton Ion Permeability Coefficient of at least 0.4 x 10* cm 2 /sec. 

The previous disclosure will enable one having ordinary skill in the art to practice the 
invention. In order to better enable the reader to understand specific embodiments and the 
advantages thereof, reference to the following examples is suggested. However, the 
following examples should not be read to limit the scope of the invention. 

Examples A-D are arranged in accordance with the materials defined above. Thus. 
Examples A-1 - A-2. etc. relate to Material "A' as defined above. Examples B-1 . B-2. etc. 
relate to Material "B" as defined above. Examples C-1 . C-2. etc. relate to Material 'C". and 
Examples D-1. D-2. etc. relate to Material "D". Temperatures are stated in degrees Cels.us 
unless otherwise specified. . 

Examples E F and G are directed to demonstrating a correlation between on-eye 
movement and the lonoton Ion Permeability Coefficient, the lonoflux Ion Permeab.lrty 
Coefficient, and the Hydrodell Water Permeability Coefficient, respectively. 

EXAMPLE A-1 

A oolvsiloxane macromer is prepaid by reacting, at room temperature (about 21'C), one 
iTeCalent (aPou. ,00 crams) o. po.WWitoxane, dia.Ranc, (Shin Etsu Chem.ca, 
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Co Tokyo Japan) having hydroxyethyl propoxy end groups with 2 mote equivalents about 
V," 2 orams of isopho,one diisocyana.e (Atdrich Chemical Co.. Milwaukee. Wisconsin 
L oresence ol about 0.2 grams dibutyitin diiaurate catalyst (Plata & Bauer. Inc.. 
wtteZ Connecticut,. After about 48 hours readion time. 2.02 mole equivalents (about 
^7 orams) of polylethylene glycol) ("PEG", about 610 g/mol Mn. Dow Chem,cal Corp 
2» anTabou. 0.17 grams of dibuty* dilaurale (about 0.43% by weigh. PEG) are 
^ o 80 grams o, the reaction product from the prior step. Suflcien, — ^ 
Chemical Co ) is added to me mixture .o maxe the mature homogeneous. Th,s rnixwre ,s 
S^om temperature ,or about 15 hours. Next. me mKhire is sirred for about 8 
„ou« ata temperature of about 44 to 48'C, wtt. me temperature held substantally 

™Z b a sounding oi, b-h. "me chloroform is then evaporated, in order to ach.eve 
r^oncentration of about 50% by weigh, solids, by stirnng the mrcare at room 
™ ure for about 8 hours. Then, about 2.14 mole equivalent* (about 10.4 grams) o 
'ZTShy. methac^e ("l£M\ Monomer Poiyme, inc.. Peaste^le. PA, is added „ 
^mixture. Pinally. me mixture is covered wi* aluminum foU and sUrred a. room 
™,ure .or about 17 hours, yieiding a polysiloxane^maining macromer havng a 
number-average molecular weigh. (Mn, ot about 4000 grams per mole. 

■me macromeric solu«on is men polymerized, in me presence of about 0.5 weigh, percen. 

1173 pho.oinma.or (Ciba-Geigy Corporation, Arfsiey. NY) to form conmc. 
Propylene contact lens molds are filled wim me copolymer precursor soluboa 
*ZZZ5ZPZ> '0 <°° nm, a. abou. ,S mW/^ U appfcd to *eso«on * - 
^7 11 a hours a. room temperature. The UV light, in conjunction w,th me 

4^^mereby aliowing me soluvon to form a contact iens 
The .enses „e exacted wim isopropano, to remove m, 
ZZZIS™ solvent and any -reacted component The produc. ,s a 
polysiloxane-containing polymeric contact lens. . 

w.r.*, measurements me lenses are hydrated by placing the 
^ZZ^ZZZ^r ei 9W hour, Mer hydration. , 
tenses ,n tsotomc b ^ J' ne lens „ c|eaned ^ MIRAFLOW® Daily Cleaner 
necessary because of handl,ng eachlen ^ ^ 

ir-iRA Vision Corporation. Duluth, Georgia) to remove a 
r^s MIRAFUW® cieaner is removed by rinsing with saline or purrfed water. 

a ot *a«c in a wet cell (i.e., gas streams are maintained at 
Oxygen fluxes ,0, are measured ^ , «^ " DJX . > 

about 100% relative humidity) using a umw 



WO 96/3179* 



- 70 - 



TCTfEF96J0\265 



defined as opined in .he portions o. the specflcation retating ,o oxygen permeability 

and transmissibility. 



EXAMPLE A-2 



rr> ar :« fiKt oreoared substantially in accordance with the procedure 
A polysiloxane macromer is first prepares 

described in Example A-1 . 

. IfHnn is nrerwed by mixing about 1 80 grams polysiloxane- 
A copolymer P'--« ^nJacryJUpy^s »MI — W 

°°TZ^Zm^^ «-w <' HEMA -'' *"* one 9fam emy,ene . 



room temperature for about 16 hours. 



The copolymer precursor solution is then polymenzed to form contact lenses 

TL Itact lens molds are filled with the copolymer precursor solution. 
PolyproP yi ne <^^° &[ ^ ^ mW/cm 2 is ^ to the solution ,n the 
Uttra^olet hght (about Jhe w m ^ pCymerization, thereby 

hk*! for about 3 hours ^^^ ng ^ ^ of mold . The lenses are 

extracted^ .sop Pa- ^ ^ ^ ^ pefcant 

components. A »^ ^ ^ 2 . hyd roxyethyl methacrylate, and 
polysiloxane macromer. about 13.6% i «~ 



about 0.9% EDGMA 



• m iphs is deqassed by placing the lens under suitable vacuum for a period 
The contact lens » degassea y P Fullv hydrated degass 



^.tKS* and a — o, elastic* o, about » MP, 



EXAMPLE A-3 



AcontacUens^paredsubs^^^^ 

corner. about** ^ teve , Dk ol 8b0ut 49 barrers. a water content o. 
contact lenses hawig M 0 , about M MP a. 
about 30 weight percent, and a moou.us 
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TR,S 5% fluoroacrylate. and about 20% N.N.dime,hylacrylamide. 
macromer. about 45% TUB. « * a Dk of aMut 69 ba rre,s. a 

Fu „y hydra.ed contact ^r^ 0 ^. ^ of elasticity o. about 1 .4 MPa. 
water content ot about 20 wetght percent. 



EXAMPLE A-9 



, « ubsrtanti ally in accordance with the procedure descnbed in 
A contact lens is prepared sub^nbalb nn 

^pie A -2. but ha«ng the *na com* 0 meaiaoytate . Fuliy hydrated 

ma cromer. about 14.4% TRIS. * J, , £ * ^ a water content o. 

about 1 9 weight percent, a™ o 

*» 



EXAMPLE A-10 



a cnhfitantiallv in accordance with the procedures 

rrbT=rr^ 

A contact iens is prepared s— * > 3^ 

2. bu, having the M — «X — ,e. and about 0.8% 
macromer. about 13.6% TRIS. lenses having «. composition have 



elasticity of about 1.4 MPa. 

EXAMPLE A-11 



Sample A-2. but havmgth fluoroacrylate . about 3.5% a-hydroayethyl 
corner, about 8.6% THIS ■ ^^"^ J d eonlacl ienses having U* 
vacate, and ^ conlenl o, about 22 weigh, percent, 

composition have a Dk of about ii 
a modulus of elasticity of about 1 .3 MPa. 
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EXAMPLEA-12 



' .h,t»ntiallv in accordance with the procedure described in 
A contact .ens is prepared used has nydroxy . se c.buty. end groups as 

Bcample A-1 . but the polys-loxane mac omer u ^ ^ ^ 

degassing, has a uk ot 



modulus of elasticity of about 2.4 Mpa. 



EXAMPLE B-1:Macromer synthesis 



, Fomblin® ZDOL (from Ausimont S.pA Milan) 
ha ving a mean molecular * 03 g7m ^ ^ ^ „ 

g ,oups according to evacua.ed to about 20 mba, * stirring 

mg of dibutyltin dilaurate. The «ask"™ ^ ^ 22.29 

an 9 d subset decompress* under argon are subsequent 

(0 , mol) o, freshly dis»d is ** 3 °'° * 

dded in a coun.ers.ream 0 argoa The «em e« X ^ ^ ^ „ 

eooung with a watered ^T^^i, meo7g (freory: 1.35 meo,g>. 
complete. Isocyanale btrabon gives an nou 

• oolvdimethylsiloxane KF-6001 from Shin-Etsu 
202 g o, the 0, hydros groups accordingto 

having a mean molecular we,ght of 20»g/rn ^ ^ ^ „ , mbaI 

nation, are inboduced Mo a repeale0 ^e. The degassed silosane . 

and decompressed with kept u „ de , arg on. and 100mg of dibutylbn 

dissolved in 202m, 0. freshly <^ «T J^^on 0. the solution, all the 
dilaurate (OBTDL) are a<"r «™ ^ ^ ^ ^ 
pe.fluoropolye.her reacted v* J„ „ ^ The soWan. is stnpp* - 

Erring overnight a, room ^.ion shows 0.36meo/g of hydroxy, 

under a high vacuum at room temperature. M 

groups (theory 0.37roeq/g). 

. . nnu\ »r» added under argon to 

1378 g ( B 8 .S mmo, 0, ^^^^'^rZ, 
2 , 7g o, the average, but other «oc* 

lhree . b ,oc* copoiymer (a a, room temperature for three days, 

lengths are also present). The am 
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Micron ,he, no longer shows any isocyanate groups (detection limit O.Otmeo/g). 
0 .34meq/g of memaeryl groups are found (theory 0.34meq/g). 

T*e macromer prepared in this way is completely colourless and clear. ,« can be stored in 
2 a ,"Zlre for several months in the absence o, light w*hout any change ,n 



molecular weight 



EXAMPLE B-2: Macromer synthesis 



* . * 

„ rt m*r svnthesis described under Example B-1 is repeated. An 



of NCO (theory 1.35meq/g). 



, n a second step. S7., fl of the „,^hydro*ypropy|..en™ated polyd,me. ylsiloxane 

t!™H Si2t, , OK Goldschmidt AG, Essen) having a mean molecular we,ght o 
TagomerH-S^II (m ^ ^ .„ 8?m , ol 

T ' ~l«TZ ^ carried out as indicated under *t and the solvent has 
toiuene. / ^ o( o.^g ,s determined by microKratron - 

been removed. . hydro** W ^ ^ a ^^etric 

(B1 eory 0 Mm ^'- ~~,e MM. men.no longer shows any isocyanate 
amount of Uocyanatoem * „ ^ groups „ found (theory 



a long shelf We. 



EXAMPLE B-3: Macromer synthesis 



«th«i* described under Example B-1 b repeated but 
The M step o, me maoomer sy, has s «cn*d ^ ^. 

using a dHferent ^H r ,OCH^,OH ,wh 0. , or 2>. T*e 

MM. TO. » ,e ™ 1!!!' wlm of 1l46a/mol. and contains 1:72m* of 

«— - ™ a JZ7 ZZ U. An isocyanate «ration o, the 

^rS. a contento, — 0, SCO (theo. 



1.25meo/g). 



. « -r»«« ma r Hi.Si2l 1 1 and toluene are again 

- " ^ ~< a ^ — - ul -pie B-t and the 

added. After the reaction has been 
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, .„, has been removed, a hydroxyl group conten. of 0.63meq/g is determined by 
solvent has beer « inte ,media.e is in turn reacted with a 

T^SESlo-* -hacryiat, Microtitration then no longer shows 
slo ,ch,omemo am q °-55meq/g of methacryl groups are 

SSTJSI. - macromer prepared in this way is comply colouriess and 
clear and has a long shelf life. 

EXAMPLE B-4: Macromer synthesis 

, m» macromer synthesis described under Example B-1 is repeated, but 
™ "IT mLSo "Z 18 g C >PD. are employed. When ,he reason is complete. 

5.0 g of ^'ff^* J, group of 1.3,meoyg of hydro* groups (theory 
microtitration shows an isocyanaie grouw 

1.36meq/g). 

th . svntnesls described under Example B-1 is likewise carried out 
Tne seM n step ^ isocyariate .,ermina,ed per,uoropo,ye m er and 

analogously, the sto,c 2;3 Aftef ^ reactlon nas been completed 

groups (theory 0.1 8meq/g). 

^ . .^rihPd under Example B-1 is likewise carried out 

The ,hird - * * — «-* f ~ 

rs^r~ 9 : ^ - detected (deterfon limit O.Cme* ««« o, 
m etha«yl groups are found (theoty 0.19meo/g). 

EXAMPLE B-5: Production of contact lenses 

. Example B-1 are dissolved in 5.6 g of ethanol (Ruka, puriss. p.a.} 
, 3.0 g of macromer from * nomoge nizatJon of the sol^on. 5.2 g of 3- 

po* by weigh, soltf.cn). After complex h g ^ „ 

trisltrimethyisiioxylsiVpropy. *«™ 0[ Darocurt9 1 ,73 

9 o, freahly d,s« Te flon membrane ha.ng a pore width of 

(Ciba) are added. This solut, ^ * - « ^ ^ ^ ^ fe ^ ,„ . 

0.45 mm under an argon P «^ undef , vacuum . ^ soMon is 

flask in liquid nrtrogen. the flask « e ^ |s fepcated 

::r r^'^^^ 5o,u,ion is men ,rans,erred wo a 
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glove box with an inert-gas atmosphere, where the solution is pipetted into dust-free 
contact-lens moulds made from polypropylene. The moulds are closed, and the 
polymerization reaction is effected by UV irradiation (15mW/cm>. 5 min.). wfth simultaneous 
crosslinking. The moulds are then opened and placed in ethanol, causing the resultant 
.enses to swell out of the moulds. The lenses are extracted for 24 hours with constantly 
replenished distilled dichloromethane and subsequently dried in a high vacuum. The dned 
.enses are equilibrated in phosphate-buffered physiological saline solution in autoclave- 
resistant vials and then autoclaved at 1 20»C for 30 minutes. All physical data 
measurements are carried out on autoclaved lenses. 

The lenses produced in this way are characterized by the following values: oxygen per- 
meability (Dk) 77 barrer (determined by the W method described below), water content o 
requHibrated .enses 32 percent by weight. elongation at break at 35'C 360%. modulus of 
elasticity 30°C O.SMPa (measured using a Minimal from Polymer Laboratones. UK). 

"iA/at" maasure mpnt of the oxvofln permeabilH 

The oxygen permeability of a material is determined by the coulometric method. To. th.s 
end pre-autoclaved lenses are clamped in a holder and then covered on the upper** 
* .Tern *yer of water. A gas mbcture comprising 21% of oxygen and 79% — .. 
passed continuously through the water layer with swirling. The oxygen wh.ch 
Tough the lens is measured using a coulometric detector. The reference values an ttose 
m asured on commercial avaMble contact .enses using this methoo. CM* ^ 
VWon. HEMA .ens) gives a measurement of approx 7-10 barrer. and Excelens (C.BA 
Vision. PVA lens) gives a measurement of approx. 22 .barter. 

Unfortunate* the oxygen permeability of. for example, contact .enses is frequently given in 

. «* -.ue ^ further definfcon and frequency without g.ng 

Z referee materia.. Tnese are usuaHy values determined on d* matena. dry 
ZZL**. A -Parage measurement of the oxygen permeabi>*y of polymer B-5 
shows the differences: 

a) -wet" measurement: 77 barrer. but b) dry measurement: 158 barrer 

EXAMPLE B-6 

a crihod under Example B-5 for the production of contact lenses is repeated. 
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55 % of macromer from Example B-1 

22 % of TRIS 

22.5 % of DMA 

0.5 % of Blemer® QA 



EXAMPLE B-7 



m .rihPd under Example B-5 for the production of contact lenses is repeated. 

55 % of macromer from Example B-1 
22% of TRIS 
23 % of DMA 

EXAMPLE- B-8 

Analogously to EXAMPLE B-5 (in weight percent): 
40 % of macromer from Example B-1 
30% of TRIS / 
30 % of DMA 

EXAMPLE B-9 

- '~ - — - — re - - fo " owin9 

composition C«n percent by weight): 

55 % of macromer from Example B-1 



22 % of TRIS 

23 % of DMA 



EXAMPLE B-10 



, a , R 5 for the production of contact lenses is repeated, but a 
The process described un e B-5 for - P odB|B| ^^ is used instead of 

70% b y weight so.ution o ^^.^ ^ mi *ture of comonomers has 

the 75% by weight solution in ethanoi a 
^efouowing composition pn percent by we,ght). 
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55 % of macromer from Example EM 

22 % of TRIS 
23% of DMA 

■ , me asuremen, data *K the contact lens matenais torn Examples " <° B-10 <P, 
Physical measurement 

Dk value, wet method) are presented in TABLE B-l. 

TABLE B-l 




EXAMPLE B-11 

B-1 are dissolved in 3.3 grams of ethanol 
^u, 10 .0 grams o. ""^^ To L soKmon. about 4.0 grams o. 3- 
^uka. puns, p.a.,. After ^^^^U-Etsu. product no. KF.280,,. 
trtettrimethyisiWJsilylpropyl methacrylate C™>_ ^ ^ (a 

5.9 g. *-* *»* dimem ^l«uen ^ Chemie, ^ about 100 mg 
.etnacrylate having quaternary *olu«on is tttered through a ^ 

of ph o,o«a,or <^'f J^J^L under an argon pressure o, .rem about 
TEFLON membrane having a pore wain 

1 to 2 atm. * 

„ ,„ a flask in .quid nnrogen, the «ask is evacuated under a h,gh 
The Stored soiution is frozen m a «^ temperaUre the «ask sealed. Tn,s 
vacuum, and the solution is reamed o -^ nlaining the macromer/comonomer 
degassing operate is repeated M» V* « a(mosphere , ^ me 

solution is then *ans,erred into a ^J^, * molds. The molds are Cose, 
sotution is pipened into dust-tree p*P « J" ^ , imultaneous crossing, 

and the polymerization react,on ,s etlecte 
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. . are lhen opened and placed in isopropyl alcohol, causing the resultant lenses to 
Tne molds a e ^the open P ^ ^ ^ ^ neariy 

.iijhratPd in autoclave-resistant vials in phosphate-buffered 
JLemen. data for the autoclaved lens is presented beiow: 



93 



Dk [barter]: 
water content [%]: 

modulus of elasticity [Mpa]: 0.96 



EXAMPLE B-12 



* 

„ nreoared in accordance with the procedures described in Example B-1 1 . but are 
Lenses are prep** ^ ^ ^ ^ , plasma 

subsequent axteHtteXel* ^ |n a metha „erair- mixture fair", as ««d 
«-» W*" "* ere ' n r ™n a period of about 5 minutes. The 

den0 ^— ^1 pr^ beenlciosed by H. Vasuda in -Plasma 

0-,. pa.es 3,S 

w lories are equilibrated in autoclave-resistant vials in 
The plasma-treated contact lenses are equun autoc|aved for 30 minutes at 



Dresented below. 

K , 88 

Dklbarrer]: ^ g% 

water content [%]: 



modulus of elasticity [Mpa]: 



1.03 



EXAMPLE B-13 



M red in accordance wiU, M procedures described in Example B-5. but the 

* c^^mnip B-1 : 60% 



Macromer of Example B-1: 60% 

25% 

TRIS: 

15% 

DMA: 
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EXAMPLE B-14 



Lenses are prepared in accordance with the procedures described in Example B-6. with the 
-monomer compost, but th. comonomers are dispensed into dust-free contact 



lens molds in ambient air atmosphere. 



EXAMPLE C-1 



Reaction of c,»-bis.aminoprop^in.ethytpoly S ilo«ne with D{+)gluconic acid d-lactone: 

Before the reaction, the aminc-functionalized polydimethylsiloxane employed for the 
synthesis (X-22-161-C. Shin Etsu. JP) was finely dispersed in acetonitrile, extracted ana 
then subjected to molecular distillation. 

The following reactions take place with exclusion of rW 200 g of purified amino- 
£ES polydimemy.siloxane <0.375meo of W g: MnlVPO, 3400-3900 (V a 
Valr Pressure Omcn^i. dissofved in 200 m! of absolute THF. areslovrfy added 
drowse to a suspension of 13.35 g (75 mmol) of DMgiuconic acid d-lactone ,n 50 ml of 
ITute TOP and me mbdure is sirred a. 40-C for about 24 hours unt» the ,a«one has 

Iplete*. (MonWng of me reaction by thin ,aye, chromatography OW* 
Xopano W! 0/emy, acetate 6:3:1; staining w«h Ce(,V) 

, 1„ rfiPS reaaentl) After the reaction, the reaction solution is concentrated to dryness 
^ resau Sunder 3 Pa (0.03 mba,, for 48 hours. 2,3.3 g o, 0,^(3- 
ITa^poMime^e are obtained. ~^^» «""- ^ 
perchloric acid shows a conversion of the amino groups of more than 99.8%. 

Hi . iiIiiiii Hi -■ nf i f T'^™*™^*"* with IEM : 

is dissolved in 800 m. o, 
, * I * heated to 40-C with the addition of catalytic amounts cf d.butyttrn d.laurate 
5£ , ^ of IEM in 20 ml of absolute THF are added dropw*e to th,s 

' a v corresponds to a concentration of 1 .2 

solution over a penod of about 4 * js ^ out in me course of 48 

equivalents of IEM per gluconam.de unrt. The reaction .s ca 
BV<U . „ Kl . id er>petroscoDV detection of the NCU uesj. i • "= 
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r«„ uiith irp 227 2 a of a colourless rubber-elastic 
(0 03mbar) for 24 hours, while cooling with ice. 227.^ g 

product of high optical transparency remain. 



EXAMPLE C-2toC-7 



/DnuQ\ are reacted with a different amount of 

summarized in Table C-l 



Example Name 



C-4 
C-5 
C-6 
C-7 



TABLE C-l 

rnlyfrtim^Y 1 « iln * ane ^ 

Mn I NH 2 * 



CA X-22-161-C 
C^2 Tx-22-161-C 
0^3 f X-22-161-C 



PS 813 



GP4 
GP6 
KF8003 



Type 



term. 



term. 



term. 



3400 



3400 



3400 



peri; 


1200 


1_ 


pen. 


[3150 


Z6 


pen. 


I 5960 


3_ 


pen. 


| 9700 


4.7 



Amount of batch 



PDMS 


. Glu 


I EM 


g(mmol 


g (mmol) 


g (mmol) 


ofNHj) 






200 


13.4 


14.0 


f75) 


(75) 


(90.0) 


200 


13.4 


25.7 


(74) 


(75) 


(165.0). 


200 


13.4 


29.2 


f75) 


(75) 


(187.5) 



200 

[98' 



18.2 
117.4] 



P^trarch-H Is, GP4 and GP6 are products from Genesee. 
♦Amino groups per macromer cha.n 

Glir-DW gluconic acid d-lactone 
term: terminal 
pen: pendent 



WO 96/31792 



-82 - 



PCT/EP96/0U65 



EXAMPLE C-8 



^inn is carried out in accordance with Example C-1 , but instead of D( + )gluconic 
Z I 6 aton 1 1 T« .atonic acid i .lactone, suspended in 50 m, of absolute 

rJdroowise to a solution of amino-functionalized polydimethyls.loxane (X-22- 
^CtS: THF and *0 m, of OMSO (pure. SS % , T^on of .e ar.no 
* u ps 1 Pyloric acid indicates a reason conversion of 9S % «0.01 meo. of NHrf* 
Here also, a colourless optically clear macromer is obta.ned. 



EXAMPLE C-9 and C-10 



™ reactions are earned out analogously to Exampie C1 . However, the catalyst 

1 Edition ot the isocyanate onto the hydroxy! groups Is vaned. Instead of 

T~. mMAP) are added and the reaction is continued as described under Example CM. 
TZ Z TJZU dear, colours ru.he,e,asUc n~ resul* in a manner 



corresponding to Example CM . 



EXAMPLE C-11 



rf ,„n is carried out analogously to Example C-1 . In a manner corresponding to 
r 'It s oT ^Lionic aoid 1 ketone is suspended in 50 ml o, absolute THF 
Example C-8. 0.1 mo. « ^ino-functionalized 

^ the «^ " «*" * „ ^ THF and 20 m! of DMSO (pure. 99%). 
po.ydimethyls.loxane (KF-8003 .n 180rn ^ ^ ^ ^ 

™ «<*» r te ^r C ZtZ a«on o, the corresponding moiar amount 
ear, oe detected. ^ ^^Jon soitrOon. The colourless high,y transparent 
of Df+taluconic acid d-lactone 10 me rc^u 
S« a residua, content o, amino groups of <0.01 me*g. 



EXAMPLE C-1 2 • 



5 ,09 . (9,8 mmol, o, purged ^^^^SX^^ 
Shin Etsu «. Olssofved in 1 10 ™£ r^earc-1 ,:8,3- 

vessel under an inert gas atmosphere and I.VfJ I so|u(jon [$ ^ a , 

=,rr 



PCT/EP96AJ1265 

WO 96/31792 

- 83 - 



C 1 The amine content is 0.1 34meq/g. The terminal amino groups of the resulung penta- 
b,ock macromer are reacted with gluconoladone in the following reaction step. 41.84 g 
^ 46 meq of NH 2 ) of the above macromer and 0.917 g (5.15 mmo.) of D( + )g.ucon IC ac.d d- 
Lone are suspended in 300 ml of absolute THF and the suspension is stirred under 
— at 40'C for 1 8 hours. . The filtered solution is then concentrated and the residue ,s 
Sunder 3 Pa (0.03 mbar, for 48hours. A highly viscous optical* clear substance havmg 
a residual content of amino groups of 0.01 3 meq/g results. 

EXAMPLE C-13 

P^n^f a n amino- an. I m rfl nnrnHkyt functioned polydimethylsiloxane: " 

3 o ml of absolute toluene are added to 15 g of polytdimethylsi.oxane-co-methy.hydro- 
!^ Z yer Silopren U-230: 10.000 g/mo.; 2.3 mmo. of Si-H/g]. and 1.72 g (9,2 mmo.) 
TZ^e (CAS Reg. No. 5428-09-1] are then added. The mixture h = evera, 
L* and the flask evacuated and then brought to room temperature aga.n. The flask ,s 
7en et down with argon. 0.7 m. of a 0.005 mo.ar solution of Lamorea. ca*ryst (prep^ 
7 „ with US 3 220 972 General Electric) in absolute toluene (1 00 ppm of Pt/mol 

cl to slight doudy solution, tte 'H-NMR spectrum of wh*h no longer shows 
resonances of allylic hydrogen atoms, is obtamed. 

Thereafter 6 2 g (15.3 mmoQ of degassed ally! lH.1H.2H,2H-perfluoroocty. ether are s.ow.y 
Thereafter 6.2 g ( a ^ ^ now shQWS a 

^JZXZ£* - - — * 46 - and an * lense resonance at 

0.5 ppm, which originates from Si-CH 2 hydrogen atoms. 

3 0 ml of 1 -hexene are then added in order to react the remaining excess of Si-H groups, 
3.0 ml of 1 hexene .j-^q of tn e po lymer when air later has access. The 

whiC h could others The reaction mbcture is then left 
mixtU re is r^^Ti over a silica gel column with hexane/eth, acetate 
t0 st and oven* * _ fe drjed under a high vacuum. A 

{3 : 2 ), the sorvent ' « ° ff J ^ macromer purffied in this way is taken up 

colourless, clear, v.scous product .s o me . g 

■ 
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hexane The filtrate is evaporated and the residue is then dried under a high vacuum. 
Thereafter, the content of amino groups is determined by titrimetry (perchloric acd). 

The resulting macromer is clear and viscous. The amino group content is 78.6% of theory. 
The total yield of macromerafter the chromatographic purification is 75%. 

p rrnnr ? tinn of a gluc onamide: 

7T 3 o (corresponding to an amine content of 5.4 meq) of this aminoallcyl-substltuted 
product are dissolved in 20 ml of dried THF. The solution is repeatedly frozen, degassed 
and let down with argon.AII the following operations are carried out in an argon 
awosphere. 712 mg of DM-gluconic acid d-lactone (4 mmol) are men added. Because o 
»e low solubility of the lactone, a suspension is inWalfy obtained. After stirring overnight at 
lc the solution is clear and the lactone has been used complete*. The 
Gaining amount of DM-gluconic acid d-lactone (260 mg. 1.46 mmo D is men added and 
». mixture is stirred again at 50-C overnight A trace of unreacted lactone > <•»•"* 
Completion of the reaction is monitored by means of thin iayer chromatography on ,l ca gel 

mobile phase 1-propanoi/ethy, acaateMater (fci* Tr* silica ge, p-a es are 
developed by meats of Ce(IV) sulfate/phosphoromolybdlc acid solution. Subsequent 
SonTn amino groups yieids a residua, amino con.en.of < 0,*. and 
removal of the solvent by distillation, a highly viscous clear macromer vrrth 0.2S5 
mequivalent of gluconamide per gram of macromer is obtained. 

EXAMPLE C-14 

Before the polymerization, the achates employed, iscbutyl acrylate (IBA), N.N- _ 
TrZ^Me (DMA) and s-memac^oytoxypropyl-Wsltiimemylsi^silane (THIS) 

H^Tll* by distillation. 0.32 g (276 mmol) of IBA. 0.80 g (8.1 mmol) of 
"Z I X li:Z o, TRIS are weighed Into a 50m, round-botiome d W. , and me 
nr«u hed vl N, for haff en hour, while cooling wfth Ice. 1 44 g of macros ^trom 

C, are transfened to a round-botto which 

« ... o p- /n 03 mbar) for 24 hours and then dissolved in t.t g o. «u 
degassed under 3 Pa (O.M mba ) ^ of 

has been flushed vrth N, for half an hour oe ^ ^ 

^^IZ r £££ M C, are m*ed. * 
ne above monomer m ^ , aR(j me mb<uire ls sut , e c«ed to 

tte addition o 0.0 mis ^ are inlrod uced into a polypropylene 

microfiltration (0.45 mm filter;. iou » 
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m0 u!d which is then closed with an appropriate lid of polypropylene. The mixture is then 
irradiated with a UV-A mercury high pressure lamp in a nitrogen atmosphere in a UV oven 
' ipped for this for 5 minutes. The .amps (5 each of the brand TLK40W/10R, Philips) are 
above and below the holder inserted. The irradiation intensity is 14.5 mW/cm . 

The polypropylene mould is opened and the finished discs or lenses are removed by 
lolZ by means of a solvent mixture of methylene chloride and ethano. (2:3). The lenses 
and discs are extracted in ethano. at room temperature in special polypropylene cages for 
48 hours and then dried at 40'Cunder 10Pa (O.lmbar) for 24 hours (autoc.aving at 120 C. 
30 minutes). The discs show an E modulus of 1 .1 MPa. a permeability to oxygen of 183 
barrier and a hardness (Shore A) of 53. 

EXAMPLE C-15toC-19 

* 

Further powers are prepared in a manner corresponding to Example C,4 (compear, in 
percentages* weigh.,. Table C.I shows examples C15 ,o C-19 and me propert.es of me 
resulting materials measured on discs. 

TABLE C-ll 




Legend: 

DMA: N.N-Dimethylacrylamide 

tris- a Methacryloy1oxypropyl-tris(trimethyfsily!oxy)s.lane 

in thTexamo, DMEA (a-Oimeth^inoethy, acrylate) was used 



WO 96/31792 



PCT/EP96A>12*5 



-86- 



EXAMPLE C-20: Uncoated contact lens 

A contact lens is prepared in a manner corresponding to Example C-14, using the Example 
C-3 macromer. with the following composition in percentages by weight 

Macromer: 33 - 3 - ' 

DMA: 33 - 3 - 
TRIS* 33.4. 

The lens has a Dk of about 94 and a water content of about 20.0 weight percent. The 
results are presented in TABLE C-lll for comparison with coated lens properties. 

EXAMPLE C-21 : Plasma-treated contact lens 

Dried lenses prepared in accordance with the procedures described in Example C-20 are 
transferred into a plasma coating apparatus where the lenses are surface treated ,n a 
methanes mixture fair-, as used here, denotes 79% nitrogen and 21% oxygen). The 
apparatus and plasma treatment process have been disciosed by H. Yasuda in "Plasma 
Polymerization-. Academic Press. Orlando. Florida (1985). pages 319 forward. 

The dried plasma-treated contact lenses are equilibrated in autoclave-resistant vials in 
pnosphate^ered physiologica, saline sotuOon, and ^^""T^f 
Lut 1 20-C. The plasma-treated autodaved lens has a Dk [barrer] of 90 and a water 
content of 21 .5%. The resufts are presented in TABLE C-lll tor companion with coated 

I ns properties. 

* 

TABLE C-lll 




EXAMPLE C-22 



ocnnnds to Example C-1 4 with the following comonomer 

compos*™. B "** " „ 4% by wei oht ol trimethylammonium-2-hydroxypropyl 
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0 9MPa and a permeability to oxygen of 82 barrer. The water content is 25.1% (after 30 
minute." autoclaving at 120'C). For comparison. Examp.e C16 has a water content of 20* 
with a very similar comonomer composition (no addition of Blemer® OA). 



EXAMPLE C-23 



The polymer is prepared anatogously to Example C14. but the poiymerization . earned out 
,„ S which means without addition of ethanol. The composition of the comonorners and 
the material properties ot the polymer synthesized, measured on discs is grven below. 



Example C-7 macromer: 41 %, 

IBA: 23% ' 
1-vinyl-2-pyrrolidone(NVP): 24%, 

acrylonitrile (AN): 12% - 
The disc hardness (shore A) is 68. 



EXAMPLE C-24 

Tne poiymenza^on is carded out in accordance w«h Example C,4 but w«h the Mowing 
rhanaed comonomer composition: # 
Cromer o. Exampie M»»0> and 1* On percentages by we« of 

Z S-me^oyloxypropyi^a methyldisiioxane. A. op»cal,y * » * „ 

modulus of 0.4MP3, a permeability to oxygen of 241 barrer and a hardness (Shore A) of 42 

is obtained. 

EXAMPLES C-25 through C-27 

Contact tenses are prepared in accordance wHh the procedure described in Example C4. 
The compositions in weight percentages are as follows: 
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where IBA is isobutylacrylate, 

DMA is N.N-Dimethytacrylamide. 

TRIS is 3-methacfyloyloxypropyl-tris(trimethylsiloxy) silane, 

HFBA is 2.2.3.4.4.4-hexafluorobatyl acrylate. 



EXAMPLE C-28 



The poiymerization is carried out in accordance with Example C14 but with the following 
^monomer compost: macromer of Example C-1/DMA^.S 33.3% / 33-3% / 



33.3%. An optically clear polymer is obtained. 



EXAMPLE D-1: Macromer Synthesis 



in a dry box unde, nitrogen atmosphere, about 200 grams of dry PDMS dipropoxyethano! 
Shin-E.su) added to a container. Isocyanatoethyl mediate (IEM) in an amount equal 
1 .taut 2 moles per mole PDMS dialkanol Is added to the container. About 0.1 werght 
^d b^nlurate (DBTL) catalyst, based on PDMS M weigh, ,s added to 
r^neTeJong w» a s«r bar. The container is Immersed in an oil bath atop a st,r plate, 
^c^in place wtth a damp. A stream o. UPC air a, about 2 p* is passed over the 
nlre Tne mLre is agitated a. room temperature (about 22-C) for about 24 hours. An 

t aXl lfte PDMS dialkoxyatoano. has no. been completely reacted. The mtxture * 

* hours more. The macromer produced is a siloxaneconain.no macromer. 

EXAMPLE D-2: Lens fabrication 

A prepolymeruason mixture is prepared by mbdng about 66 grams of 

Aprepoiyme -roie about 29 qrams N,N-dimethylacry1amide (DMA), 

M M> TacXTd rto^oarocur, ,73 photo^ator. and about 20 
abou t 1 gram f0 about 20 minute s a. room temperature. Next, the 

1 a ol freezing and tha.ng steps, The c^ne, is placed in a 
T " u l the mixture solidifies. A vacuum is applied to the conta,ner at a 

"tT^i n ,ess«or abou, 5 minutes. Then, the container is placed „ 
pressure of ^ mixlu[e is liquid again. This process is 
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The prepolymerization mixture is poured into polypropylene contact lens molds in a nitrogen 
atmosphere. The polymerization is effected by applying UV radiation (about 4-6 mW/cm 2 ) 
for a period of about 15 minutes. The resulting fully hydrated contact lens has a water 
content of about 23%. The lens has a Dk of about 1 15barrers and a modulus of elasticity 
of about 2 MPa. 



EXAMPLE D-3: Lens fabrication 



A contact lens is prepared in accordance with the procedure described in Example D-2. with 
the difference being that the composition is about 50% macr'omer of Example D*1 . about 
20% TRIS and about 30% DMA. The resulting fully hydrated contact lens has a water 
content of about 20%. The lens has a Dk of about 118 barrers and a modulus of elasticity 
of about 1 .8 Mpa. 



EXAMPLE E-1 (Material A) 



A contact lens is prepared substantially in accordance with the procedure described in 
Example A-2. Prior to polymerization, the prepolymerization mixture is degassed by cooling 
••• the prepolymer mixture with liquid nitrogen until the mixture solidifies and is near liquid 
nitrogen temperature, then applying a vacuum (about 0.1 mm Hg) to the solidified 
prepolymer mixture, discontinuing the vacuum, and thawing the prepolymer mixture until the 
mixture is again in liquid form. This degassing procedure is performed a total of three times 
on the prepolymerization mixture. The prepolymer mixture is cured in a nitrogen atmosphere 
to form the. contact lens. The cured lens has an equilibrium water content of about 19%. 
Subsequent to curing, the lens is plasma treated for about 10 minutes in an atmosphere of 
methane and air at a 2:1 CH.:air volume:volume ratio. The working pressure of the gas is 
about 50 millitorr. The plasma treatment is accomplished in a Plasma Polymerization 
Apparatus LCVD-20-400A (Plasmacarb. Bedford. Massachusetts): 
The lonoton Ion Permeability Coefficient of the lens is 0.81 x 1 0 3 cmVsec. Clinical 
examination shows that the lens moves on the human eye. See Table E for a summary of 
the results. 

. EXAMPLE E-2 (Material B) 

A contact .ens is prepared substantially in accordance with the procedure described in 
£Z> B.,0. Prior to polymerization, nitrogen gas is bubbied trough the prepo.ymer 
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ml x,ure in order to remove oxygen from the prepotymer mixture. The prepolymer mrxture ,s 
c TJin a nrtrogen atmosphere to form the contact ien, The cured iens has 
water content of about 26 weigh, percent. Nocoating is applied to the 
Thtlonoton ion Permeabilr* Coefficient o( the iens is - 0.063 x 10" cmVsec. an cal 
IllaTon shows ma, the iens does no, move on me human eye. See Tab,e E ,or a 
summary of the results. 



EXAMPLE E-3 (Material B) 



# 

a intact lens is prepared substantial* in accordance Wrth the procedure described in 

Z Lze/maw procedure of Example 6-1. The prepolymer mbcture ,s cured m a 
iCn a" «o form me contact iens. ^ cured ,ens has an ecuiiibrium water 
con* o abotf 30 weigh, percent. Subseouen, to curing, me tens is plasma freated for 
7Z » minutes in an atmosphere of methane and air at a 2:1 CH,a,r volume ra*o. 
™"onoL ,on Permeability Coefficient of me lens is 0.S0 x iflf cmVsec. Cl,n,cal 
7—0 shows that me lens moves on me human eye. See Table E for a summa* o, 



the results. 



EXAMPLE E-4 (Material B) 



. „ ntact lens is prepared substantially in accordance wim the procedure descnb* hn 
^^12 Prior* polymerized, me ^polymerization mbdure Is degassed by me 

! !1 JTw procedure of Example E-1 . The preporymer mixture is cured m a 
repeated freeze/thaw procedure of examp ^ ^ ^ 

*T rr^CrrbsZl curing, the „ns is .asrna >ea,ed for 
eonten of abort o( „ and air a, a 2:1 Ctt* volume ratio. 

Bb °1 Tntn PelX Coefficient o, me iens is 0.47 x 10* cmVsec. Clinical 

The lonoton Ion PermeaDwty ^ f . Bh| , man8ve See Table E for a summary of 

examination shows that the lens moves on the human eye. 

the results. 

EXAMPLE E-5 (Material B) 

^ chstantially in accordance with the procedure described in 
A T " - prepolymerfcation mixture is degassed by the 

S Zele of Examp,e ,1 . The prepoiymer mi«ure ,s cured ,n a 
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nitrogen atmosphere to form the contact lens. The cured lens has an equilibrium water 
content of about 30 weight percent. Subsequent to curing, the lens is plasma treated for 
about 7 5 minutes in an atmosphere of methane and air at a 2:1 ChL:air volume ratio. 
The lonoton Ion Permeability Coefficient of the lens is 0.35 x 10 3 cmVsec, Clinical 
examination shows that the lens moves on the human eye. See Table E for a summary of 

the results. 

■ 

EXAMPLE E-6 (Material B) 

* 

A contact lens is prepared substantially in accordance with the procedure described in 
Example B-1 1 . Prior to polymerization, the prepolymerization mixture is degassed by the 
repeated freeze/thaw procedure of Example E-1. The prepolymer mixture is cured in a 
nitrogen atmosphere to form the contact lens. The cured lens has an equilibrium water 
content of about 30 weight percent The lens is not subsequently coated. 
The lonoton ion Permeability Coefficient of the lens is 1.1 x 1 0 3 cm 2 /sec. Chmcal 
examination shows that the lens moves on the human eye. See Table E for a summary of 
the results. 

EXAMPLE E-7 (Material C) 

A contact lens is prepared substantially in accordance with the procedure describee I in 
Example C-21 . Prior to polymerization, the prepolymerization mixture is degassed by the 
repeated freeze/thaw procedure of Example E-1. The prepolymer mixture is cured .n a 
nLen atmosphere to form the contact lens. Subsequent to curing, the lens » plasma 
"™ 5 minutes In an atmosphere of mettune and air at a 2:1 Ctt* volume 

^lonoton ion Permeabi.*y Coefficient of the lens is 2.9 x 10"' em'/sec. Clinical 
—Ton shows that the lens moves on the human eye. See Table E for a summary of 

the results. 

EXAMPLE E-8 (Material C) 

A contact .ens is prepared substantel., In accordance with the procedure .described I in 
c 1 ™ Prior to polymerization, the prepolymerization mixture is degassed by the 
^Td free *Zl proX o, Example E-1 . Trie prepo*mer mixture is cured in a 
Z ZtZZe .0 ,rm trie contact lens. Subsequent „ curin, trie lens is plasma 
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tr ated for about 7.5 minutes in an atmosphere of methane and air at a 2:1 CH.:air volume 

The lonoton Ion Permeability Coefficient of the lens is 0.25x1 0* cmVsec. Clinical 
examination shows that the lens moves on the human eye. See Table E for a summary of 

the results. 

EXAMPLE E-9 (Material C) 

■ 

A contact lens is prepared substantially in accordance with the procedure described in 
Example O20. Prior to polymerization, the prepolymerization mixture is degassed by the 
repeated freeze/thaw procedure of Example E-1 . The prepolymer mixture is cured in an a, 
atmosphere to form the contact lens. Subsequent to curing, the lens is not surface treated. 
The lonoton Ion Permeabi.ity Coefficient of the lens is 0.008 x 10* cm'/sec. Cn.cal 
examination shows that the lens does not move on the human eye. See Table E for a 
summary of the results. 

EXAMPLE E-1 0 (Material D) 

A contact lens is prepared substantially in accordance with the procedure described in 
Example D-2. Prior to po.ymeriza 6 or, me prepobymerizadon mixture is degassed by the 
repeated freeze/thaw procedure ot Example E-1 . The prepolymer mixture is cured in a 
lC a^osphere to torm me contact iens. Subsequent to curing, the lens is no. surface 

Cbnotoh.cnPermeabilityCMffiden.ofthelensisl.^lO^cm'/sec. CM* 
I^nTn shows tha, *ls moves on the human eye. See Table E for a summary o, 
the results. 

EXAMPLE E-11 (Material O) 

a contact lens is prepared substantially in accordance with the procedure described in 
™ D Zr * polymerfcation, me prepolymerizaUon mixture * degassed by the 
Example D 2. wior po y prepolymer mixture is cured in a 

repeated freeze*™ p«*» ^^^^^ * e tens is plasma 



ratio. 
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The lonoton Ion Permeability Coefficient of the lens is 0.61 x 10 3 cm 2 /sec. Clinical 
examination shows that the lens moves on the human eye. See Table E for a summary of 

the resutts. 



EXAMPLE E-1 2 (Material D) 



A contact lens is prepared substantially in accordance with the procedure described in 
Example D-2 Prior to polymerization, the prepolymerization mixture is degassed by the 
repeated freeze/thaw procedure of Example E-1. The prepolymer mixture is cured m a 
nitrogen atmosphere to form the contact lens. Subsequent to curing, the lens ,s plasma 
treated for about 5 minutes in an atmosphere of methane and air at a 2:1 CH.tair volume 

T^e lonoton Ion Permeability Coefficient of the lens is 1 .5 x 1 0 5 cm'/sec. Clinical 
examination shows that the lens moves on the human eye. See Tab.e E for a summary of 

the results. 

EXAMPLE E-1 3 (Material D) 

A contact lens is prepared substantially in accordance with the procedure described in 
Example D-2. Prior to polymerization, the prepolymerization mixture is degassed by the 
repeated freeze/thaw procedure of Example E-1. The prepolymer mixture is cured ,n an a r 
ItTosphere to form tte contact lens. Subsequent to curing, the lens ,s not surface treated. 

The lonoton Ion Permeabilrty Coefficient of the lens is -0.001 x 1 o ' 

examination shows that the lens does not move on the human eye. See Tab.e E for a 

summary of the resutts. 
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E-12 



E-13 



TABLE E 




Example Materia! 






Degassing 



3-cycle 
freezeAhaw 








nitrogen 
bubble 

3-cycle 
fr eezeAhaw 

3-cycle 
fr eezeAhaw 

3-cycle 
fr eezeAhaw 

3-cycle 
fr eezeAhaw 

3-cycle 
fr eezeAhaw 

3-cycie 
fr eezeAhaw 

3-cycle 
freezeAhaw 

3-cycle 
freezeAhaw 

3-cycle 
fr eezeAhaw 

3-cycle 
freezeAhaw 



Curing 
atmosphere 



nitrogen 



nitrogen 



Surface 
treatment 
CH*:alr 
plasma 
[minutes 1 

10 




no plasma 



nitrogen 



nitrogen 



nitrogen 



lonoton Ion 
Permeability 
Coefficient 

cm 2 /sec1 



-0.063 



7.5 



nitrogen 



no plasma 



nrtrogen 



nitrogen 



air 




nitrogen 



7.5 



no plasma 



no plasma 



nitrogen 



3-cycle 
freezeAhaw 



nitrogen 



air 



no plasma 



0.50 



0.47 



0.35 



1.1 



On-eye 
Movement 



2.9 



0.25 



0.008 



-0.001 



NO 



YES 



YES 



NO 




NO 
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e P 1 throuah E-1 3 of Table E. the lowest value of lonoton Ion 

.on Permeabimy Coefficient .or a lens which bound on me eye ,s 
t» r 0 "cm4e= Thus a contact lens preferably has an lonoton Ion Permeab,l,ty 
°Co*en. ^aterftan about O.OOS x , 0 > cm'/sec. mere preferably greater than about 
0.25 x 1 0' 3 cm 2 /sec. 



EXAMPLE F-1 (Material C) 



s 



* 

.ubstantially in accordance with the procedure described in 
ZZ Z'ZZZZ Jen, ft. ,ono te Ion Pencil* 0— > 
determined to be about 0 mm'/mm. 

wi k, m oa«!iirements the lens surface is coated with 
Subsequent *"J^JZZZT£ ,o,lov,ng procedure. using a glas 
polyvinylpyrrcltdone , e|ectrode and , 27 . 13 MHz radio frequency 

ptasma reactor eou,pped w*h a e«e discharge plasm a. 

(BF) generator for ft. «^ an as ^ gas ,c, N-vinylpyrrolidone 

Highly pu*d W^^ZeTs^ about ,0 cm be,ow fhe glow zone. 
(NVP) monomer feed, menvr 

_., ■ *> cm diameter plasma reactor at a position about 1 5 cm 
The contact .ens » placed , ft 2 * - ^ ^ „ m|nutes l0 about 

betow ft. P^ma glow zone. T e £~ » b „ M wm (sUn dard cubic 

0.009 mbar. Subquent to evacuaUon. fte ctesma g ^ 

centime^,, me glow discharge . s^d - ^ ^ me le „s 

for about one minute at a power of about 170 w . ^ ^ ga$ 
surface,. After reduction o, argon £■» . ot me NV P source ,wtft 

flow for the NVP monomer . also se to ^ ^ ^ ^ 

TIL 0.35 mbar pressure and about, 50 Wans power. 

, rf^haroe and the carrier gas flow, the reactor is continuously 
After interrupting the glow d,scharge < < of about 0 .009 mbar for about 30 

purged with a 20 seem activated species. The PVP coated 

minutes, in order to remove e dual mo no ^ ^ ^ ^ ^ ^ 

contact lenses thus p^uced are » ^ ^ insttument: 
angles, measured with a KHUta© v 
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Advancin; 
Recedinj 




Hysteresis 



Untreated 
102 



48 
53 



Tr eated 
38 
23 
15 



Clinical tests show that the lens does not move 
the results. 



on 



the eye. See Table F for a summary of 



EXAMPLE F-2 (Material C) 

. ntflCt Iens is prepared substantially in accordance with the procedure described in 
c TZ Priori surface treatment, the lonofiu* .on Permed Coefficient ,s 
&CamP « b > 72 2 8 x 10- rnmW Subsequent to ion permeabilrty measurements, 

poly.nylpyrro.idone as in Examp.e ,1 Clinical show 
TXl .ens does not move on the eye. See Table P for a summary of the resuKs. 

EXAMPLE F-3 (Material C) 

. • ^narPd substantially in accordance with the procedure described in 
£ "f-r XC^teaJen, the icnof,. ion Permea* Coefficient is 

^ llu 9 3 x 10- mmVmln. Subsequent ,o ion permeabiiity measurements. 

llTsCcels — poi^p^one as in Example M . CWc- ~» — 
the lens surface is coa »~ summary of the results, 

that the .ens does not move on the eye. See i aoie r to 

EXAMPLE F-4 (Material C) 
^ « .hstantiallv in accordance with the procedure described in 

^ 1 1" La x ,«< - A* ~en. ,o,o„ pe— measurement 
IX surface is coated with polyvinylpyrrolidone as in Example M. 

Clinical tests show tfiat the iens moves on the eye. See Table F for a summary of the 

results. 
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EXAMPLE F-5 (Material C) 



■ 

A contact lens is prepared substantially in accordance with the procedure described in 
Example C-16. Prior to surface treatment, the lonoflux .on Permeability Coeltaent » 
^mined to be about 1 .3 x 1 0 * mm'/min. Subsequent to ion permeability measurements. 
TZsTuL is coated w*h po.yvinylpyrro.idone as in Example M. Clinical tests show 
that the lens moves on the eye. See Table F for a summary of the results. 



EXAMPLE F-6 (Material C) 



A contact lens is prepared substantially in accordance with the 

p 2* C1 9 Prior to surface treatment, the lonoflux Ion Permeability Coeffiaent ,s 

to » about ,7 x 1 0 * ^ W Subsequent to ion 
the lens surface is coated with polyvinylpyrrolidone as m Example M. Cl.mcal tests show 
.that the lens moves on the eye. See Table F for a summary of the results. 



EXAMPLE F-7 (Material C) 



a tens is prepared substantially in accordance wrth the procedure described in 

Tm*£Z 7 8X10- mm'/m,„. Subsequent to ion permeate measurements, 
determined to oe aooui /.o a • v riinieal tests show 

me lens surface is coated with polyvinylpyrrolidone as ,n Example F-1. Cl,n,cal 
£ ». .ens moves on the eye. See Table F for a summa* of me resufc. 



EXAMPLE F-8 (Material B) 



Mrw) .uhatanBally in accordance with the procedure described in 

^ !; JaC * 10W/min. Subsequent to ion permeable measurements, 
determined to be about 1.5 x iu . F1 Clinical tests show 

the lens surface is coated rth polyvinylpyrroBdone as n Example F-1 C hn «l 
tneiensauu , H _ -U p See Table F for a summary of the results, 

that the lens does not move on the eye. See Tao.e 



EXAMPLE F-9 (Material B) 



. eilhstanl iallY in accordance with the procedure described in 
A contact .ens is prepared subs ta *aHy fa 

Example B-14. Prior to surface treatment. 
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determined to be about 1.1 x 10" 4 mmVmin. Subsequent to ion permeability measurements, 
the lens surface is coated with polyvinylpyrrolidone as in Example F-1. Clinical tests show 
that the lens does not move on the eye. See Table F for a summary of the results. 



EXAMPLE F-10 (Material B) 



A contact lens is prepared substantially in accordance with the procedure described .n 
Example B-7. Prior to surface treatment, the lonofiux Ion Permeability Coefficient is 
determined to be about 3.8 x 1 0"* mm 2 /min. Subsequent to ion permeability measurements, 
the lens surface is coated with polyvinylpyrrolidone as in Example F-1 . Clinical tests show 
that the lens moves on the eye. See Table F for a summary of the results. 



EXAMPLE F-1 1 (Material B) 



A contact lens is prepared substantially in accordance with the procedure descnbed .n 
Example B-6 Prior to surface treatment, the lonofiux Ion Permeability Coefficient «s 
determined to be about 8.5 x 1CT 6 rnrnW Subsequent to ion permeability measurements, 
the lens surface is coated with polyvinylpyrrolidone as in Example F-1 . Clinical tests show 
that the lens moves on the eye. See Table F for a summary of the results. 



EXAMPLE F-1 2 (Material B) 



A contact lens is prepared substantially in accordance with the procedure descnbed m 
Example B-5. Prior to surface treatment, the lonofiux Ion Permeability Coefficient .s 
^Zined to be about 7.1 x 10* mm'/min. Subsequent to ion permeabilKy measurements. 
^eTstrface is coated v*h poly^vfoyrrolidone as in Example F-1. C.inica. tests show 
that the lens moves on the eye. See Table F for a summary of the results. 
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TABLE F 



EXAMPLE 



F-1 
F-2_ 
F-3 
F-4 
F-5_ 
F-6 
F-7 
F-8 
F-9 
F-10 
F-1 1. 
F-12 



MATERIAL 
(Example reference 
number) 

C-25 
C-26 
C-27_ 
C-18 
C-16 
C-19 
C-17 

B-13 
B-14 
B-7 
B-6 
B^5 



IONOFLUX ION 
PERMEABILITY 
COEFFICIENT* 

[mm s /mln] 



ON-EYE MOVEMENT 
-CLINICAL 
DETEMINATION 



0.2B x 10" 6 



0.93 x 10 ' 
2.6 x 10' 
13.0x10 
27.0 x 10 
7.8x10' 
1.5X10" 
1.1 X 10' 



■e 

■6 




3.8x10' 
8.5 X 10* 



71.0x10" 



YES 
NO. 
NO 
YES 
YES 
YES 



M .onofiux .on Permed Coefficients were detuned on unseated lenses. 

= ,„« P 1 throuah F-13 of Table F. the lowest value ol lonoflux Ion 
Considering only Examples F-1 through is 2 6 x 10* mm'/min. The 

Permeability Coefficient for which a lens binds on „. eye is 

h ,he, va,ue o, lonofiux ,n P— ^ 

, 5 x 10 * - .ore prefer .eater than ahou, » x 

Coefficient greater than about l .:> x u 

lO^mmVmin. 

EXAMPLE G-1 ' 

summary of the results. 
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EXAMPLE G-2 



A contact lens is prepared substantially in accordance with the procedure described in 
Example B-5. The Hydrodell Water Permeability Coefficient is determined to be about 1 .09 
x 1C* cmVsecond. Clinical tests show that the lens moves on the eye. See Table G for a 
summary of the results. 



EXAMPLE G-3 



A contact lens is prepared substantially in accordance with the procedure described in 
Example B-6. The lens is surface treated in a plasma gas in accordance with the procedure 
described in Example F-1. The Hydrodell Water Permeability Coefficient is determined to 
be about 0.27 x 10* cm 2 /second. Clinical tests show that the lens moves on the eye. See 

Table G for a summary of the results. 



EXAMPLE G-4 



A contact lens is prepared substantially in accordance with the procedure described in 
Example C-1 9. The lens is surface treated in a plasma gas in accordance with the 
procedure described in Example F-1, The Hydrodell Water Permeability Coefficient .s 
determined to be about 0.37 x 1 0* cm'/second. Clinical tests show that the lens moves on 
the eye. See Table G for a summary of the results. 



EXAMPLE G-5 



A contact .ens is prepared substantia.* In accordance with the procedure descnted^ 
Exampte D-2. The Hydrode.1 Water Permeability Coefficient is determined to be about .26 
x 10* cm'/second. Clinical tests show that the lens moves on the eye. See Table G tor 
summary of the results. 



EXAMPLE G-6 



A contact lens Is prepared substantial* in accordance with the procedure 
Exampie CI,. The Hydrode.1 Water PermeaMity Coefficient is determined to be bout 
0.08 x 10* em'/second. Clinical tests show that the lens does not move on the eye. See 
Table G for a summary of the results. 
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TABLE G 




Co nsid eHn 9 on. Exampies 3, *rou S h « -1* 0. 

Water Permeability Coefficient for which a lens moves on the eye ,s 0.27 x 10 cm/ 
highest value of Hydrodei, Water Permeability Coefficient for °° 
n 08 x 10- cmVsec Thus, a contact lens preferably has a Hydrodell Water 

Coe^reater .an about 0.0S x 1 0* cmW. more preferably 9 rea,er 

than o.27x10 4 cm 2 /sec. 

Tfce invent has been described in detail, wfth reference to certain ^ e 
Lonable extent vrithout departing from the scope and sp,nt of 

— — r : sesz- - 

interpreted in view of the disclosure here.n. 
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CLAIMS: 



, An ophthalmic lens having ophthalmic* compatible inner and outer surfaces sa,d ens 
ITsZ to extended periods of wear in continuous, intimate contact wKh ocular ,ssue 
* J U said ,e„s comprising a poiymeric materia, which has a h,gh o^gen 

and a high ion permeabilKy. said polymeric materia, being formed from 

oolymerizable materials comprising: 

(a) at least one oxypermpolymerizable material and 

(b) at least one ionoperm oolymerizable material. 

^el said lens a„ows oxygen permeation in an amount sufficient to — «£• 
JI£ and wearer comfort during a period of extended, continuous contact wrth ocu,ar 
^e and , ocular Ud. and ^ ^ ^ ^ ^ ^ enab|e We 

1 Ze Th W c-n-l £*h is no. substantJaliy ham*d and wearer comfort 

fluids. 

, • . „- «f claim 1 wherein said ophthalmic lens is selected from the group 

Si *■ and ophlhalmlc " ouni hea,in9 

3. ^ o P htha,mic lens of daim 2. wherein said ophthalmic lens is a contact ,ens. 

4 An ophthalmic ,ens of Cairn 1. wherein said ophthalmic lens has an oxygen 
transmissibility of at least about 70 barrers/mm. 

. An ophthalmic ,ens o, claim 4. wherein said ophthalmic lens hasan oxygen 
transmissibility of at least about 75 barrers/mm. 

6 An ophthalmic .ens o, claim 5. wherein said ophthalmic lens has an oxygen 
transmissibility of atleast about 87 barrers/mm. 

, ,, m i wherein said polymeric material comprises an ionoperm 

surface of the ophthalmic lens. 
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8 An ophthalmic lens of claim 1 . wherein said polymeric material comprises an oxyperm 
phase which extends continuously from the inner surface of the ophthalmic lens to the outer 
surface of the ophthalmic lens. ■ 

o An ophthalmic lens of claim 1 . wherein said polymeric material comprises a plurality of 
^continuous phases, including at least one oxyperm phase which extends continuous.y 
from the inner surface of the ophthalmic lens to the outer surface of the ophthalm.c lens 
and at least one ionoperm phase which extends continuously from the inner surface of the 
ophthalmic lens to the outer surface of the ophthalmic lens. 

10 An ophthalmic lens of claim 1, wherein said polymeric material comprises at least one 
ion or water pathway which extends continuously from the inner surface of the ophthalm.c 
lens to the outer surface of the ophthalmic lens. 

i , An ophthalmic lens of claim 1 , wherein said polymeric material comprises at least one 
oxygen pathway which extends continuously from the inner surface of the ophthalm.c lens 
to the outer surface of the ophthalmic lens. 

, 2 An ophthaMc lens of claim 1 , wherein said polymeric material comprises a pluraWo. 
L^nuous pathways, a. leas, one bein 9 an ion or water pathway and a. leas, on . 
» oxygen pathway, which pathways ettend conSnuously from the ,nner surface of 
the lens to the outer surface of the lens. 

,3 An ophthalmic lens of claim 12. wherein said co-continuous pathways include a 
Llus phase o, ionoperm polymeric materta, and a conBnuous phase of s„o*ane. 
containing polymeric material. 

14 *, ophthalmic lens of claim 12. wherein said pathways have a domain s'.e which U 
Z man a size which undesirabr, distorts rfsible light in an amoun. wh,ch ,s «s,h,e to me 

eye of the wearer. 

„ An ophthalmic lens of Calm 1 . wherein said !ens has an lonoton ton Permea«y 
Coefficient of greater than about 0.2 * 10* emV.ee. 
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1 6 . An ophthalmic lens of claim 1 5. wherein said lens has an lonoton Ion Permeability 
Coefficient of greater than about 0.3 x 1 0* cmVsec. 

17. An ophthalmic lens of claim 16. wherein said lens has an lonoton Ion Permeability 
Coefficient of greater than about 0.4 x 10* cm 2 /sec. 

18. An ophthalmic lens of claim 1 wherein said lens has an Ibnofiux Diffusion Coefficient of 
greater than about 1.5x10* mm 2 /min. 

19. An ophthalmic lens of claim 18 wherein said lens has an lonoflux Diffusion Coefficient 
of greater than about 2.6 x 1 0* mm 2 /min. 

20. An ophthalmic lens of claim 19. wherein said lens has an lonoflux Diffusion Coefficient 
of greater than about 6.4 x 1 0* mm 2 /min. 

21 . An ophthalmic lens of claim 1 . wherein said lens has a HydrodeH Water Permeabilrty 
Coefficient of greater than about 0.2 x 10* crn 2 /sec. 

22 An ophthalmic lens of claim 21 . wherein said lens has a Hydrodel. Water Permeability 
Coefficient of greater than about 0.3 x 10* cm'/sec. 

23. a* ophthaJmic lens of c^m 22. wherein said lens has a Hydrodel! Water Permeabi.Ky 
Coefficient of greater than about 0.4 x 10* cm 2 /sec. 

24 An ophmalmic .ens of daim 1 . wherein when hydrated, said lens has an 
^content of less M about 32 weight percent when tested In accordance w,th the Buft 

Technique. 

25 An ophthaimic .ens o. daim ^.-wherein when hydrated. said lens has an ^*n- 
^content o. about 10 .0 about 30 weigh, percent when tested in accordance wrth 
Bulk Technique. 

... «i H a im 95 wherein when hydrated, said lens has an equilibrium 
Bulk Technique. 
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27 An ophthalmic lens of claim 1 . wherein said lens comprises a core polymeric material 
and an ophthalmically compatible surface which is a hydrophilic surface, wherein said 
surface is more hydrophilic than said core. 

28. An ophthalmic lens of claim 27, wherein said hydrophilic surface is a hydrophilic 
polymeric surface coating. 

29. An ophthalmic lens of claim 28, wherein said hydrophilic surface coating is applied via a 
plasma coating process. 

30 An ophthalmic lens of claim 29. wherein said plasma coating is generated in the . 
presence of a mixture of (a) a C« alkane and (b) a gas selected from the group cons.st.ng 
of nitrogen, argon, oxygen, air and mixtures thereof. 

31 . An ophthalmic lens of claim 30. wherein said plasma coating is generated in the 
presence of a mixture of methane and air. 

32. An ophthalmic lens of claim 1 , wherein said oxyperm polymerizable material is a 
siloxane-containing macromer. 

33 An ophthalmic lens of claim 32. wherein said siloxane-containing macromer is a 
polyfdimethy. siloxane) having a number average molecular weight of at least about 800 
and a glass transition temperature less than about -1 1 5 degrees Celsius. 

34 An opnmalmic lens of claim 33. wherein said siloxane-containing macromer has a 
number average molecular weight of at least about 1700. 

35 An ophthalmic lens of claim 32, wherein said polymeric material is formed from a 

fixture comprising about 1 to about 10 weight percent of a low molecular 
weight siloxane-containing monomer. 



36. An ophthalmic lens 
monomer is TRIS. 



of claim 35. wherein said low molecular weight siloxane-containing 



37. An ophthalmic lens of cWm 1 . wherein said polymeric material is formed from a 
polymerizable mixture comprising: 
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(a) about 60 to about 85 weight percent oxyperm macromer: and 

(b) about 15 to about 40 weight percent ionoperm monomer. 

38. An ophthalmic lens of claim 37. wherein said polymeric material is formed from a 
porymerizable mixture comprising: 

(a) about 70 to about 82 weight percent oxyperm macromer; and 

(b) about 18 to about 30 weight percent ionoperm monomer. 

39. An ophthalmic lens of claim 1 , wherein said polymeric material is formed from a 
polymerizable mixture comprising: 

(a) about 30 to 60 weight percent oxyperm macromer; 

(b) about 20 to 40 weight percent ionoperm polymerizable material; and 

(c) about 1 to 35 weight percent TRIS, based on the total lens weight. 

40. An ophthalmic lens of claim 1 . wherein said polymeric material includes a polymer 
composition having good optical clarity and high oxygen permeability, comprising: 

(a) about 5 to about 94 dry weight percent of a macromer having the formula: 



15 



s 

SO R 13 — NCO Rj f-g 



H 



r ' . 

OCN R 7 NCO R5OR3- 

H H 



?1 



•SiO' 



■sv 



n 



*2 



R 4 OR 6 - 



OCN R 8 " 



H 



O 

II 

•NC 

I 

H 




O 

II 



'1; 



OCN R 14 - 

H 



1 

OC- 



'16 



wherein: 

R, and R 2 are selected from Ci-Cs alky!, 

Ra R4 Rs and R«are selected from Ci-C 6 alkyterie, 

R 7 and R,are selected from linear or branched alkylene and bivalent cycloalkylene. 

R,. R 10 , R.i. and R«are selected from C-C^ alkylene. 

Rw and Rm are selected from Ci-Cs alkylene. 

R„ and R,«are selected from linear or branched lower alkenylene. 

m and p. independently of one another, are about 3 to about 44. and 

n is about 13 to about 80. 
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wherein said macromer has a number-average molecular weight of 2000 to 10.000; 

ib, about 5 to about 60 weight percent of an acrylated or methacrylated siloxane monomer; 

(c) about 1 to about 30 weight percent of an acrylate or methacrylate monomer; and 

(d) o to 5 weight percent cross-linking agent; 

wherein said weight percentages are based upon the dry weight of the polymer 
components. 



41 



. An ophthalmic lens of claim 40. wherein said lens is a contact lens. 



42. An ophthalmic lens of claim 1 . wherein said polymeric material comprises a polymer . 
formed by polymerization of at least one macromer of formula (I): 

P,-(Y)m-(L-X,)p-Q-(X,-L)p-(Y),„-P, (I) 

where each P,. independently of the others. Is a free-radlcat-polymeri^e group; 
each Y. independently of me others, -CONHOOO-. ^^^^ . 

-NHCONHCO. -NHCO-, -CONH, -NHCONH-. -COO, -OCO, -NHCOO- or -OCONH, 
m and D independently of one another, are 0 or 1 ; 

of the o»ers. is a divalent radical of an or g an* compound hav,n 9 up 

to 20 carbon atoms;- . 
lh X,. independent* of the others, is -NHCCK -CONH-, -NHCONH-, -COO. -OCO, 

-NHCOO- or -OCONH-; and 

q is a bivalent polymer fragment consisting of the segments: 



(a) 



-(E) k -Z-CFr(OCF 2 ),-(OCF 2 CF 2 ) y -OCF r Z-(E) i - 



where x+y is a number in the range of from 10 to 30; ¥nmcnf7 
'I ILnon^ntiv of the others, is a divalent radica. having up to 12 carbon atoms or Z 



each Z. independently of the others 
is a bond; 



is a Dona. a has a value of from 0 to 2. 

each E. independently of the others, .s .(0C*CH* * 
and where the link -Z-E- represents the sequence -Z-fOCH.CH^. and 

kisOorl; 



b) — 

R 



r 



Alk— Si-fO— Si-j-Alk- 
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where n is an integer from 5 to 100; 

Alk is alkylene having up to 20 carbon atoms; 

80-1 00% of the radicals R,. R». R3 and FU. independently of one another, are alkyl and 
0-20% of the radicals R„ R 2 . R, and R,. independently of one another, are alkenyl. aryl or 
cyanoalkyl; and 



( C ) X r R-Xa. 



Where R is a divalent organic radical having up to 20 carbon atoms, and 

each X 2 . independently of the others, is -NHCO-. -CONH-. -NHCONH-, -COO, -OCO-, 



-NHCOO- or OCONH-; 

with the provisos that there must be at least one of each segment (a), (b). and (c) .n Q. that 
each segment (a) or (b) has a segment (c) attached to it. and that each segment (c) has a 
segment (a) or (b) attached to it 

43. An ophthalmic lens of claim 42. wherein said lens is a contact lens. 

44 An ophthalmic lens of claim 1 . wherein said polymeric material comprises a polymer, 
which polymer is produced by polymerizing at least one macromer comprising at least one 
segment of formula (I) 



0) 



in which 



(a) is a polysiloxane segment, 

(b) is a polyol segment which contains at least 4 C atoms. 

Z is a segment (c) or a group Xi. 

(c) is defined as XrR-Xa. wherein 

r s a bivalent radical of an organic compound having up to 20 C atoms and 
J^S^M of the other is a bivalent radical which contains at least one carbon, 



group. 

X, is defined as Xa. and 

(d) is a radical of the formula (II): 



XrL-OVP, 
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in which Pi is a group which can be polymerized by free radicals; 

Y and X3 independently of one another are a bivalent radical which contains at least one 

carbonyl group; 
kisOor1;and 

L is a bond or a divalent radical having up to 20 C atoms of an organic compound. 

45. An ophthalmic lens of claim 44 which is a contact lens. 

* 

46. An ophthalmic lens of claim 1 . wherein said polymeric material comprises a polymer, 
which polymer is produced by polymerizing at least one macromer of the formula: 



I 



Rl00— R 1 0R 2— f 



OSi- 



6 L M i 



R 3^ R 4 R 200 



n 



wherein R,oo and Rz* are defined as follows: 



R 



100- 



R f0 P, 



•Rg NCO 



OCN R 1 , — 0 C- 



B T 1 



:CH. 



H 



H 



where n is- an integer from about 5 to about 500, 

R„ R 2 . R3. and R*. independently of one another, are lower alkylene. 

R 5 . R«. R7. and ^independently of one another, are alkyl, 

B9 and R11 are alkylene, and 

R 10 and R« are methyl or hydrogen. 

47 An ophthalmic lens of claim 46, wherein said polymeric material is formed by 
polymerization of a copolymer mixture, which, in weight percentages based on total m.xture 

weight, comprises: 

(a) about 45 to about 65 percent of a siloxane-containing macromer of the formula. 
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Rioo— R 1 0R 2— f 



«6 



OSi- 



R fi 



R 3 0R 4 R 200 



wherein R,co and R»o are def.ned as follows: 



Rioo" 



Raoo- 



R 10 P 



■L 

C O Rg NCO 



C 

OCN- 



■R 



1 



12 



11 



H 



H 



where n is an integer from about 5 to about 500. 

R„ R 2 , R,. and R* independently of one another, are lower alkylene, 

Hs. Re, R/. a nd independently of one another, are alkyl. 

R, and R,i are alkylene, and 

R 10 and R,2 are methyl or hydrogen; 

(b) about 5 to about 25 percent TRIS; and 

(c) about 20 to about 40 percent ionoperm monomer 



48 



. An ophthalmic lens of claim 47 which is a contact lens. 



49 An ophthlamic lens of dim 1 . herein said lens allows oxygen 

ZZ sufficient ,o prevent any dinical* signtean. cornea, swe,,ing dunng a pencd o. 
extended, continuous contact with ocular tissue and ocular fluids. 

50 An ophthalmic lens of daim 1 . wherein sa.d ,ens produces, after wearof about 24 
hours, including norma, sleep periods. ,ess man about 8% cornea, swe„,ng. 

51 An ophthalmic lens of claim 50. wherein said lens produces, after wear of about 24 
Lrs. hiding norma, sleep periods, less than about 6% cornea, swe,„ng. 

52 An ophthalmic ,ens o, daim 51 . wherein said ,ens produces, after wear o, about 24 
„1 including norma, s,eep periods. ,ess than about 4* cornea, swe,„ng. 

53 . An oph,ha,mic ,ens o, daim 1. wherein said period o, extended continuous contact is a, 

least 24 hours. 
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54. An ophthalmic lens of claim 53. wherein said period of extended continuous contact is 
at least 4 days. 

55. An ophthalmic lens of claim 54. wherein said period of extended continuous contact is 
at least 7 days. 

56.. An oph.ha.mic lens of claim 55. wherein said period of extended continuous contact is 
at least 14 days. 

87. An ophthalmic lens of daim 56. wherein said period of extended continuous contact is 
at least 30 days. 

58. An ophthalmic lens of claim i . wherein said lens has a tensile modulus of 3 MPa or 
less. 

s9 . An ophthalmic lens of daim 1 . wherein said lens has a short relaxation time constant of 
greater than about 3.5 seconds. 

60 An ophthalmic lens of daim 59. wherein said lens has an lono.cn lon PermeabilKy 
Coefficient. P, of greater than about 0.2 x 1 0- cm'/sec. 

61 . An ophthalmic .ens o, Cam 59 wherein said lens has an ,on*x Diffusion CoefMen. 
of greater than about 2.6 x 10 4 mm'/min. 

62 An ophthaimic lens of daim 59. wherein said lens has a Hydrodel, Water Permed 
Coefficient of greater than about 0.2 x 10 W/sec. 

63. An ophthaimic lens o, cfcim 1. wherein .he polymeric materia, has a tan 6 above about 

0.25 at about 1 0 Hz. 

* 

* 

. „irf.imi wherein said lens has an lonoton Ion Permeability 

64. An ophlha,m,c len of d£ , 1 • ^ ^ ol 3 MPa or , e ss. and 
Coefficient of greater than about 0.3 xiu cm/ , 

^ re. Jon ume constant o.*ea,er than about 3.5 seconds. 
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65. An ophthalmic lens of claim 1 , wherein said lens has an lonoflux Diffusion Coefficient of 
greater than about 2.6 x 10** mmVmin.. a tensile modulus of 3 MPa or less, and a short 
relaxation time constant of greater than about 3.5 seconds. 

66. An ophthalmic lens of claim 1, wherein said lens has a Hydrodell Water Permeability 
Coefficient of greater than about 0.3 x 10* 6 cm 2 /sec, a tensile modulus of 3 MPa or less, . 
and a short relaxation time constant of greater than about 3.5 seconds. 

67. An ophthalmic lens of claim 1 , wherein said lens comprises a core polymeric material 
and an ophthalmically compatible surface which is a hydrophilic surface, wherein: 

said surface is more hydrophilic than said core, 

said period of extended continuous contact is at least 7 days, 

said core material has an lonoton Ion Permeability Coefficient of greater than about 0.3 x 
i 0^ cm 2 /sec, a tensile modulus of 3 MPa or less, .and a short relaxation time constant of 
greater than about 3.5 seconds, 

said lens has an equilibrium water content of about 10 to about 30 weight percent when 

tested in accordance with the Bulk Technique, 

said lens has an oxygen permeability of at least 70 barrers/mm, and 

said lens is an extended-Wear contact lens. 

68. An ophthalmic lens of claim 1 . wherein said lens comprises a core polymeric material 
and an ophthalmically compatible surface which is a hydrophilic surface, wherein: 

said surface is more hydrophilic than said core, 

said period of extended continuous contact is at least 7 days. 

said core material has an lonoflux Diffusion Coefficient of greater than about 2.6 x'10" 6 

mm 2 /min., a tensile modulus of 3 MPa or less, and a short relaxation time constant of 

greater than about 3.5 seconds, 

said lens has an equilibrium water content of about 1 0 to about 30 weight percent when 

tested in accordance with the Bulk Technique, 

said lens has an oxygen permeability of aUeast 70 barrers/mm, and 

said lens is an extended-wear contact lens. 

69. An ophthalmic lens of claim 1 . wherein said lens comprises a core polymeric material 
and an ophthalmically compatible surface which is a hydrophilic surface, wherein: " - 
said surface is more hydrophilic than said core, 

said period of extended continuous contact is at least 7 days, 
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said core material has a Hydrodell Water Permeability Coefficient of greater than about 0.2 
x 10* cmVsec, a tensile modulus of 3 MPa or less, and a short relaxation time constant of 
greater than about 3.5 seconds, 

said lens has an equilibrium water content of about 10 to about 30 weight percent when 

tested in accordance with the Bulk Technique, 

said lens has an oxygen permeability of at least 70 barrers/mm, and 

said lens is an extended-wear contact lens. 

70; An ophthalmic lens, comprising an inner and outer surface, wherein said inner surface 
is adapted to rest immediately adjacent to the human cornea, wherein said lens has the 
following properties: 

(a) an oxygen permeability from said inner to said outer surface sufficient to prevent 
substantial corneal swelling during a period of extended wear; 

(b) ophthalmic compatibility during a period of extended, continuous, intimate contact with 
the ocular environment; and 

(c) ion or water permeability sufficient to allow lens movement on the eye in an amount 
sufficient to sustain corneal health and wearer comfort. 

71. An ophthalmic lens of claim 70, wherein said period of extended wear is at least 24 
hours. 

72. An ophthalmic lens of claim 71 ( wherein said lens produces, after wear of about 24 
hours, including normal sleep periods, less than about 8% cornea] swelling. 

73. An ophthalmic lens of claim 72, wherein said lens produces, after wear of about 24 

■ 

hours, including normal sleep periods, less than about 6% corneal swelling. 

74. An ophthalmic lens of claim 73. wherein said lens produces, after wear of about 24 
hours, including normal sleep periods, less than about 4% corneal swelling. 

75. An ophthalmic lens of claim 71 . wherein said extended period of wear is at least 4 
days. 

76. An ophthalmic lens of claim 75, wherein said extended period of wearis at least 7 

* ■ • 

days. 
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77. An ophthalmic lens of claim 76. wherein said lens produces, after wear of about 7 days, 
including normal sleep periods, less than about 10% corneal swelling. 

78. An ophthalmic lens of claim 77. wherein said lens produces, after wear of about 7 days, 
including normal sleep periods, less than about 7% corneal swelling. 

79. An ophthalmic lens of claim 78. wherein said lens produces, after wear of about 7 days, 
including normal sleep periods, less than about 5% corneal swelling. 

80. An ophthalmic lens of claim 70. wherein said period of extended wear is at least 14 
days. 

81 . An ophthalmic lens of claim 80. wherein said extended period of wear is at least 30 
days. 

82. An ophthalmic lens of claim 70. wherein said oxygen permeability (Dk) is at least 70 
barrers/mm. 

83. An ophthalmic lens of daim 70. wherein said lens has a tensile modulus of 1.5 MPa or 
less. 

84. An ophthalmic lens of claim 70. wherein said (ens has a short relaxation time constant 
of greater than about 3.5 seconds. 

85. An ophthalmic lens of claim 1 . wherein the polymeric material has a tan 6 above about 
0.25 at about 10 Hz. 

86. An ophthalmic lens of claim 70. wherein said lens has an lonoton Ion Permeability 
Coefficient of at least about 0.2 x 10* cm 2 /sec. 

87. An ophthalmic lens of claim 70 wherein said lens has an lonoflux Diffusion Coefficient 
of greater than about 1 .5 x 1 0* mmVmin. 

88. An ophthalmic lens of Cairn 70. wherein said lens has a Hydrodell Water Permeability 
Coefficient of greater than about 0.2 x 10' em'/sec. 
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89 An ophthalmic lens o. Cam 70. wherein said extended period o. wear is a, leas, 24 

T ,„d said oxygen .ransmissibility is a. leas. 80 bar,ers/mm. and where,- sad lens has 
hours and saia oxyged ua nt nf « 4 t0 10 seconds, 

a .ensile modulus ot 1 .5 MPa or less, a short relaxation ..me consan. of 1.4 to 
and an lonoton lon PermeabHity Coefficient o. a. leas. 0.2 x vf cm°,sec. 

,-. , „f /.aim 70 wherein said extended period ol wear is at least 4 days 

90. An *^J~«^£Z* SO barrers/mm. and wherein said lens has a 

::^ds XLoton ,on Permeabil* Coercion, o, a, ,eas, 0.4 x 1 0* cm'/sec 

. ■ ■ „. 70 wherein said extended period ol wear Is at least 4 days 

91 . A„ oph.halm,c ^^^^^ barrers/mm . ^ herein said lens has a 

LTomTm^ss a " e,a*a«on time oons«an, o. greater than abou, 

- — - - » ■ « 

92 a„ ophthaimic lens ol Cm 70. herein said extended ^«£%£L? 

^-wiih/ rott is at least 90 barrers/mm. and wherein said lens n« 
** ^ LToH™ MP^ess a hor. relaxation U me constant o. greater than about 
ol r^Water Permeabii* 0 — - .an about 



0.2xl0"*cm 2 /sec. 



93. A method o. using a oonuct lens as ah amended wear en. 
0 p„ m arnic*co m paub,e ^gZ^ZEZZ'" - « 

penoc* o, wear — ^^^H^en permea* and a hi 3 h water 

(a) a. least one oxyperm oolymerizable; and 

(o, a. least one ionoperm P 01 ^ 6 ^' amoun , sufr , cienl t0 maintain corneal 
fluids, 

said method comprising the steps of: 
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(a) applying said lens to the ocular environment; and 

(b) allowing said lens to remain in intimate contact with the ocular environment for a first 
period of at least 24 hours. 

94. A method of claim 93, further including the steps of: 

(c) removing said lens from the ocular environment; 

(d) disinfecting or cleaning said lens; 

(e) re-applying said lens to the ocular environment; and 

(f ) allowing said lens to remain in intimate contact with the ocular environment for a 
second period of at least 24 hours. 



95. A 



96. A 
least 4 days. 



method of claim 93, wherein said first intimate contact period is at least 4 days, 
method of claim 94, wherein said first and second Intimate contact periods are at 



. a method of claim 95, wherein said first intimate contact period is at least 7 days, 
method of claim 96, wherein said first and second intimate contact periods are at 



98. A 
least 7 days. 



99. A method of claim 97, wherein said first intimate contact period is at least 14 days. 

100. A method of claim 98, wherein said first and second intimate contact periods are at 

W 

least 14 days. 

* 

101 . A method of claim 99. wherein said first intimate contact period is at least 30 days. 

1 02. A method of claim 1 00. wherein said first and second intimate contact periods are at 
least 30 days. ^ 

, 03 An ophthalmic lens of claim 93. herein said lens produces, alter wear o. about 24 
hours, including normal sleep periods, less than about 8% corneal swell,ng. 

* 

,04 An ophthalmic lens o. claim 103. wherein said lens produces, after wear o. about 24 
hours, induding norma, sleep periods, less than about 6% cornea, swe,„ng. 
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1 05. An ophthalmic lens of claim 1 04. wherein said lens produces, after wear of about 24 
hours, including normal sleep periods, less than about 4% corneal swelling. 

106. An ophthalmic lens of claim 93, wherein said lens produces, after wear of about 7 
days, including normal sleep periods, less than about 10% corneal swelling. 

1 07. An ophthalmic lens of claim 1 06. wherein said lens produces, after wear of about 7 
days, including normal sleep periods, less than about 7% corneal swelling. 

1 08. An ophthalmic lens of claim 1 07. wherein said lens produces, after wear of about 7 
days, including normal sleep periods, less than about 5% corneal swelling. 

1 09. A method of forming a biocompatible lens haying high oxygen permeability and high 
water permeability, said method comprising the steps of: 

(a) forming a core material including: 

(1) at least one continuous pathway from front curve to base curve surfaces for oxygen 
transmission therethrough, and 

(2) at least one continuous pathway from front curve to base curve surfaces, for water 
transmission therethrough; and 

(b) altering the surface of said core material to produce a surface which is more hydroph.l.c 
than said core material, 

whereby said lens allows oxygen permeation in an amount sufficient to maintain corneal 
health and wearer comfort during a period of extended, continuous contact with ocular 
tissue and ocular fluids, and 

whereby said lens allows ion permeation in an amount sufficient to enable the lens to move 
on the eye such that corneal health is not substantially harmed and wearer comfort is 
acceptable during a period of extended, continuous contact with ocular tissue and ocular 

fluids. 

1 10. A method of claim 109, wherein said ophthalmic lens has an oxygen permeability of at 
least 70 barrers/rnm.* 

1 1 1 . A method of Cairn 1 10. wherein said ophthalmic lens has an oxygen permeability of at 
least 87 barrers/mm. 



WOW/31792 



PCT/EP9<A)1265 

-118- 



1 12. A method of claim 109. wherein said intimate contact period is at least 24 hours. 

1 13. A method of claim 112. wherein said intimate contact period is at least 7 days. 

1 14. A method of claim 109, wherein said lens has an lonoton Ion Permeability Coefficient 
of at least about 0.3 x 1 0"* cm 2 /sec. 

115. An ophthalmic lens of claim 109, wherein said lens has an lonoflux Diffusion 
Coefficient of greater than about 1 .5 x 1 0 mm /mm. 

1 1 6. An ophthalmic lens of claim 1 09, wherein said lens has a Hydrodell Water 
Permeability Coefficient of greater than about 0.2 x 10"* cm 2 /sec. 

1 1 7. A method of claim 111, wherein said intimate contact period is at least 7 days. 

1 18. A method of claim 1 1 2. wherein said intimate contact period is at least 14 days. 

119. ^method of claim 118. wherein said surface altering comprises plasma treating said 
surface to render said surface more hydrophilic than said core. <v. 

120. An ophthalmic lens having ophthalmically compatible inner and outer surfaces, said 
lens being suited to extended periods of wear in continuous, intimate contact with ocular 
tissue and ocular fluids, said lens comprising a polymeric material which has a high oxygen 
permeability and a high ion permeability, said polymeric material being formed from 
poiymerizable materials comprising at least one polymerizable material comprising: 

(a) at least one oxyperm segment; and 

(b) at least one ionoperm segment. 

wherein said lens allows oxygen permeation in an amount sufficient to maintain corneal 
health and wearer comfort during a period of extended, continuous contact with ocular 
tissue and ocular fluids, and * 

wherein said lens allows ion or water permeation in an amount sufficient to enable the lens 
t0 move on the eye such that cornea, health is not substantially harmed and wearer comfort 
is acceptable during a period of extended, continuous contact with ocular tissue and ocular 

fluids. 
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121. An ophthalmic lens of claim 120. wherein said ophthalmic lens has an oxygen 
transmissibility of at least about 70 barrers/mm. 

122. An ophthalmic lens of claim 121. wherein said ophthalmic lens has an oxygen 
transmissibility of at least about 75 barrers/mm. 

123. An ophthalmic lens of claim 122. wherein said ophthalmic lens has an oxygen 
transmissibility of at least about 87 barrers/mm. 

124. An ophthalmic lens of claim 120, wherein said lens has ah lonoton Ion Permeability 
Coefficient of greater than about 0.2 x 10"* cm 2 /sec. 

1 25. An ophthalmic lens of claim 1 20. wherein said lens has an lonoflux Diffusion 
Coefficient of greater than about 1 .5 x 1 0* mm 2 /min. 

126. An ophthalmic lens of claim 120. wherein said lens has a Hydrodell Water 
Permeability Coefficient of greater than about 0.2 x 10" 6 cm'/sec. 

127. A method of screening an ophthalmic lens for utility as an extended-wear lens, S3id 
method comprising the steps of: 

(a) allowing said lens to be fully hydrated by allowing said lens to equilibrate in a saline 
solution; 

(b) testing the lens to determine a factor which is a function of the oxygen transmiss.bilrty of 
said lens; 

(c) testing the tens to determine a factor which is a function of the ion or water permeabilrty 
of said lens; and 

(d) selecting said lens as an extended-wear lens if said oxygen transmissibility factor and 
said water or ion permeabilrty factor are both above predetermined limits which are 
established to ensure good corneal health and wearer comfort when said lens is in intimate 
contact with a human eye for a period of continuous, extended wear of at least 24 hours. 

128. A screening method of claim 127. wherein said ion permeability factor is the lonoton 
Ion Permeability Coefficient 

129. A screening method of claim 128. wherein said lonoton Ion Permeability Coefficient is 
greater than about 0.3 x 10" 6 cmVsec. 
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130. A screening method of claim 127, wherein said ion permeability factor is the lonoflux 
Diffusion Coefficient. 



131. A screening method of claim 130, wherein said lonoflux Diffusion Coefficient is 
greater than about 2.6 x 10" 6 mmVmin. 

132'. A screening method of claim 127, wherein said water permeability factor is the 
Hydrodell Water Permeability Coefficient. 

133. A screening method of claim 132, wherein said Hydrodell Water Permeability 
Coefficient is greater than about 0.3 x 10"* cm 2 /sec. 

1 34. A screening method of claim 1 29, wherein said oxygen trans rrrissibilrty factor is the Dk 
and the limit is 70 barrers/mm. 

1 35. A screening method of claim 131 , wherein said oxygen transmissibilrty factor is the Dk 
and the limit is 70 barrers/mm. 

136. A screening method of claim 133. wherein said oxygen transmissibility factor is the Dk 
and the limit is 70 barrers/mm. 



137 



. A polymer composition having good optical clarity and high oxygen permeability. 



comprising: . u . . 

(a) about 5 to about 94 dry weight percent of a macromer having the formula: 



o o 

II II 

Ri __ cc> — Ri3 — nco— RifEo^ 0 ^— R 7 — | c °— R 5 OR 3 



H 



H 



1 



iO- 



?2 



■Sr- 



n 



R 4 OR 6 — Odl*— R 8 — NCO— (5, 0 ^-"1 2 




o4— R 



H 



H 



OCN— R 14 " 
H 



OC R 



16 



wherein: 
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R, and R 2 are selected from Ci-C 6 alkyl, 

Ro. FL. Rs. Re are selected from C r C 6 alkylene, 

R 7 and R«are selected from linear or branched alkylene and bivalent cycloalkylene, 

R 9i R10, Rn. and R, 2 are selected from d-Cz alkylene, 

R 13 and R u are selected from C,-C 6 alkylene, 

R 15 and R, 6 are selected from linear or branched lower alkenylene. 

m and p. independently of one another, are about 3 to about 44, and 

n is about 1 3 to about 80. 

wherein said macromer has a number-average molecular weight of 2000 to 10,000; 

(b) about 5 to about 60 weight percent of an acrylated or methacryiated siloxane monomer; 

(c) about 1 to about 30 weight percent of an acrylate or methacrylate monomer; and 

(d) 0 to 5 weight percent cross-linking agent; 

wherein said weight percentages are based upon the dry weight of the polymer 
components. 

138. A polymer of claim 137, wherein said siloxane monomer is 3-methacryloxypropyttris 
(trimethyIsiloxy)silane. 

139. A polymer of claim 137, comprising: 

(a) 70 to 90 weight percent of said macromer; 

(b) 8 to 20 weight percent of said siloxane monomer; 

(c) 1 to 5 weight percent hydrophilic monomer; and 

(d) 0 to 2 weight percent cross-linking agent. 



1 



40. A polymer of claim 137, comprising about 10 to about 50 weight percent water.* 



1 41 . A polymer of claim 1 40, wherein said water content is about 1 0 to about 30 weight 
percent. 

142. A polymer of claim 141 , wherein said water content is about 15 to about 22 weight 
percent. 

143. A polymer of claim 139. comprising about 80 to 84 weight percent of said polysiloxane 
macromer. 
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144. A polymer of claim 139, comprising about 12 to 15 weight percent 
methacryloxypropyttris (trimethylsiloxy)silane. 

145. A polymer of claim 137, wherein said acrylate or methacrylate component is 2- 
hydroxyethyl methacrylate. 

1 46. A polymer of claim 1 40, comprising about 3 to about 4 weight percent of 2- 
hydroxyethyl methacrylate. 

* 

147. A polymer of claim 137, wherein said cross-linking agent is ethylene glycol 
dimethacrylate. 

1 48. A polymer of claim 1 47. comprisin^about 0.7 to 1 .2 weight percent ethylene glycol 
dimethacrylate 

149. A polymer of claim 137, comprising: 

(a) about 80 to about 84 weight percent polysiloxane macromer; 

(b) about 1 2 to about 1 5 weight percent methacryloxypropyltris(trimethylsiloxy)silane; 

(c) about 3 to about 4 weight psrcent 2-hydroxyethyl methacrylate; and 

(d) about 0.7 to 1 .2 weight percent ethylene glycol dimethacrylate. 

150. A polymer of claim 149 having about 15 to about 22 weight percent water, based on 
total polymer weight 

151. A contact lens, comprising the polymer of claim 137. 

152. A contact lens of claim 151 , having a D k greater than 80 barrers and a water content 
of about 1 0 to 30 weight percent. 

1 53. A contact lens, comprising the polymer of claim 1 39. 

154. A contact lens, comprising the polymer of claim 150. 

1 55. A contact lens of claim 1 54, having a D k greater than 80 barrers and a water content 
of about 1 0 to 30 weight percent. 
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156. A method of forming a molded polymeric article suitable for ophthalmic applications, 
comprising the steps of: 

(a) contacting a poly(dialkylsiloxane) dialkanol with a diisocyanate compound in the 
presence of a first catalyst at conditions sufficient to cause reaction of said dialkanol with 
said diisocyanate. thereby forming a first mixture; 

(b) contacting said first mixture with poly(alkylene glycol), a second catalyst, and sufficient 
solvent to ensure mixture homogeneity, thereby forming a second mixture; 

(c) evaporating sufficient solvent from said second mixture to generate a third mixture 
having a solids content of about 40 to 60 weight percent; 

(d) adding isocyanatoalkyl methacrylate to said third mixture, thereby forming a fourth 
mixture containing a polysiloxane macromer; 

(e) adding to said fourth mixture 3-methacryloxypropy1tris(trimethylsiloxy)silane CTRIS). a 
hydrophilic monomer, a cross-linking agent and a photoinitiator. thereby forming a fifth 
mixture; 

(f) placing said fifth mixture into a mold; and 

(g) applying sufficient radiation to said fifth mixture to copolymerize the polymerizable 
material contained therein, thereby forming said polymeric material into a molded polymeric 

article. 

157. A method as recited in claim 156. wherein said molded polymeric article is a contact 
lens. 

158. A method of claim 156, comprising the steps oh 

(a) contacting poly(dimethylsiloxane) dialkanol with isophorone diisocyanate in the 
presence of dibutyttin dilaurate at conditions sufficient to cause reaction of said dialkanol 
with said diisocyanate. thereby forming a first mixture; 

(b) contacting said first mixture with polyethylene glycol), dibutyttin dilaurate. and sufficient 
solvent to ensure mixture homogeneity, thereby forming a second mixture; 

(c) evaporating sufficient solvent from said second mixture to generate a third mixture 
having a solids content of about 40 to 60 weight percent; 

(d ) adding isocyanatoethyl methacrylate to said third mixture, thereby forming a fourth 
mixture containing a. polysiloxane macromer; 

(e) adding to said fourth mixture 3-methacryIoxypropyltris(trimethylsiloxy)s.lane. 2- 
hydroxyethyl methacrylate. ethylene glycol dimethacrylate and a photoinitiator. hereby 
forming a fifth mixture; 

(0 placing said fifth mixture into a mold; and 
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(g) applying sufficient radiation to copolymerize said polysiloxane macromer, TRIS, 
HEMA, and EGDMA, thereby forming said polymeric material into a molded polymeric 

article. 
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see claim 11 
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